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MARATHON 


DROP HAMMERS 


for high speed production 
of intricate forgings 





Specially designed for high speed 
production of intricate forgings, Massey 
Marathon Drop Hammers have compressed 
air control for easier operation. Electrical 
drive ensures low upkeep costs and the 
design of the slides and standards makes 


accurate die alignment easy. 


Important design features include fully 
automatic control for any length of blow 
and the lifter is insulated from shock 

for longer life. Available in sizes from 
10 cwt. to 40 cwt. 


20 cwt. Marathon Drop 


Hammer in our own forge. 





MASSEY DESIGNS INCLUDE:. 





Steam and Compressed Air 


Hammers, Pneumatic Power 


Hammers, Friction Drop B¢S. VAASSEY EF? orensaw - MANCHESTER - ENGLAnw 


Hammers, Double-Acting Steam 





and Compressed Air Drop 


Hammers, Counterblow 


stash Mattes Setanta: the MAKERS OF THE WORLD’S GREATEST RANGE 
Rollers, Trimming Presses, OF FORGING AND DROP FORGING PLANT 
Tyre Fixing Rolls 
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Vacuum Heat- Treatment 








RESISTANCE 
FURNACES 


ANNEALING + DEGASSING 
BRAZING ° SINTERING 


The experience of the National Research Corpora- 
tion who have built more than 100 vacuum furnaces, 
now in successful operation, and the facilities in 


Britain of Wild-Bartield combine to offer unsur- 





passed vacuum resistance furnaces of the horizontal 
muffle, pit and bell types with diameters from 2 to 
54 mecnes 

Bright surfaces and reproducible results are 
assured by these furnaces, which can also be used 
to restore the desirable physical characteristics of 
hydrogen embrittled titanium and zirconium 
Special equipment can be made for particular 


requirements 


OTHER VACUUM EQUIPMENTS 
® Induction and Arc furnaces 
® Hydrogen in Titanium analyser 


® Vacuum Fusion gas analyser 





® High Vacuum Diffusion Pumps 
This model has a uniform hot zone 36° dia x 36° high 4 


WRC s the trademark of the National Research Corporatior 
and ultimate vacuum of less than 1 micron Te registered in the United Stotes Potent Office 


ciecrare 


way FOR ALL HEAT-TREATMENT PURPOSES 





WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORK TT WAY, WAT D BY-PA WAT I ERT Telephone: Watford 26091 (8 — 
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t1C — £513-10-0pa 





WEST buhiment 


LIMITED 
for TEMPERATURE MEASUREMENT & CONTROL 


Tice Regs Street. Bright 1, Susse« 


eB 28106 
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LARGE 
G.E.C. 
FURNACES 


rely on the experience of 
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+1C = £513-100pa 
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LIMITED 


for TEMPERATURE MEASUREMENT & CONTROL 


iS] i Office: Regs stree 8 Sussex 





december. 1960 metal treatment 
and Drop Forging 


LARGE 
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FURNACES 


rely on the experience of 
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( GLASS MELTING 











( TESTING 


Stordy manufacture at their Wombourn 
Works a full range of Hauck fully self- 
proportioning oil burners with full facilities 
for experimental work and for full testing 
of production burners before despatch 


; STORODY ENGINEERING LIMITED 
CUMBRIA HOUSE. GOLDODTHORN HILL WOLVERHAMPTON Telephone: Wolverhampton 371 
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Edgwick Al6!! Cold Chamber Machine 


Herbert-Reed-Prentice |}G Cold Chamber Machine 


EDGWICK 


Casting Capacity, Ib. 
Locking Pressure, tons 


HERBERT-REED-PRENTICE 


*14Z 14G 2G 

Casting Area, sq. in. 327 79 179 

Locking Pressure, tons 250 250 400 
*Hot chamber type 


D.Cim.T. 


Aléll 
1} (Alum.) 8) (Brass) 
50 250 


B250T 


MSSA HF IMP 96 
Casting Capacity, oz. 6 12 
Casting Area, sq. in. 9 12 


We can offer auxiliary equipment including bale-out furnoces 


For further details apply to : 
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setting a standard in DIECASTING with 


We have acquired, over many years, 
considerable knowledge and experience 
of diecasting including the designing of 
machines and dies to meet the high 
standard required. We are therefore 
well qualified to advise on the most 
economical and efficient methods of 
production by diecasting. We can 
arrange for our Specialists to visit your 
Works and discuss your casting problems 
and make suitable recommendations 
We welcome all enquiries. 


AD $03 





ALFRED 
H E. R BE R Z LTD., COVENTRY — FACTORED DIVISION, RED LANE WORKS 


Al 
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Each link in these conveyors is a precision job 
in heat-resisting steel. 


perfect in every detail, shell-moulded 
The smallest components can be carried safely 
and smoothly through any furnace 
achievement by Thompson L’Hospied whose close association with the 


Another outstanding 
Furnace industry offers unique facilities for research and testing under actual conditions. 


Thompson 





es 


L,"Hospied 


7) 


4, ° 
Sistins © 


THOMPSON L’HOSPIED & CO. 


LTD., STOURBRIDGE, ENGLAND 
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PROPAGAS....... 
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PROPAGAS provides industry not only witha 
high calorific value fuel gas (approximately 
2,500 b.t.u. cubic foot) but also with an 
excellent medium for the production of 
special furnace atmospheres. It is widely 
used for gas carburizing, carbonitriding and 
bright annealing of ferrous and non-ferrous 
metals. 

BOTTOGAS Butane, like Propagas, is a petro- 
leum gas delivered and stored as a liquid 
under moderate pressure. Bottogas is used 
as a fuel for fork lift trucks and for many 
other specialised applications. 

PROPAGAS Propane and BOTTOGAS Butane come 
from the great British refineries of the 





These illustrations, oy courtesy of Ford . a ae > ir < = i 
Motor Co. Ltd, show two of many continuous Shell, Eagle and BI : Groups, backed by a 
gas carburizing furnaces installed at their technical service second to none and with a 
Dagenham factory, using endothermic complete sales organisation covering the 
atmospheres produced from PROPAGAS. United Kingdom. 








SHELL-~MEX AND B.P. GASES LIMITED oO 


“The biggest distributcers of Propane in the U.K 


CECIL CHAMBERS 76-86 STRAND LONDON WC2 Telephone: TEMple Bar 1234 
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Cut very 


small pieces 








to accurate limits with the 


, LAMBERTON 


AUTOMATIC 
BILLET SHEAR 








Write for further details to: 


-\EUMUCO (ENGLAND) LTD 


26 Fitzroy Square 
London W.1 


Telephone: EUSton 4651 — 
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The “Allcase’’ Furnaces illustrated form 
part of a battery of fully-automatic 
sequence and programme controlled 
Furnaces used for Gas Carburising, 
Carbonitriding, and Reheating of various 
automobile components. 








Two “Allcase’”” Furnaces at the works of a leading motor manufacturer, used for carburizing and carbonitriding steering 
and other parts, requiring various case compositions and depths. The hearth area of each furnace is 3’ 0” x 2’ 0” with I’ 6° 


permissible depth of charge, and is designed to accommodate gross charge weights varying from 900 Ib. at 750°C. to 
500 Ib. at 950°C. 


PROCESSES: With an operating temperature range of |,400 to 1,750°F. the following controlled atmosphere processes 
can be carried out. 


1—Gas Carburizing. 2—Hot Oil Marquenching. 3—Clean Hardening. 4—Dry Cyaniding or Carbonitriding. 5—Carbon 
Restoration. 6—Homogeneous Carburizing. 7—Clean Annealing. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION TOLEDO, USA 
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The New 


EUMUCO 


LEVERKUSEN — GERMANY 


PREGISION HAMMER 


is a short stroke downward pressure hammer 
with oil-hydraulic rocker drive. 

It was developed for mass production of 
precision forged components and is a 
natural addition to the Eumuco range of 
chain hammers of smaller size up to 
approx. 10 tons. 

The experience gained in double shift 
operation over a period of more than a 
year has proved that the aim in design- 
ing this hammer has been realized. 


of 
MONOBLOC 
design 





ELECTRIC INDIVIDUAL DRIVE no compres- 
sed air. 

OILHYDRAULIC ROCKER DRIVE WITH 
DOWNWARD PRESSURE EFFECT, high 
efficiency (approx. 75%) without additional 
cooling by water or oil. Operating medium: non- 
inflammable hydraulic fluid or hydraulic oil. 
Highly durable, unbreakable SHORT, BEND- 
RESISTING PISTON ROD. 

ACCURATE, WEAR-RESISTING TUP GUIDE 
in the form of hardened and ground adjustable 
guide faces of great width and length. 

LARGE CLAMPING AREAS for protecting the 
tup and anvil block insert, suitable also for 
taking die holders. 

MONOBLOC DESIGN of the hammer super- 
structure, anvil block, column and upper cross 
piece form a single compact rigid steel casting, 
without any faces subject to wear or connect- 
ing pieces, but an anvil block with a large 
machined bearing face. 

SIMPLE OPERATION by electric pedal switch 
control and universal programme control. 


WICKMAN & = LIMITED 


FACTORED MACHINE TOOL DIVISION, FLETCHAMSTEAD HIGHWAY, COVENTRY, Telephone: Coventry 74321 


557 F30 
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BARFIELD 








GAS : 
CARBURISING 




















The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum carburising 
tire, fastest production rates and full quality 

control. Write to us for advice on the application 

of gas carburising for your work. 


/ py WILD, 9) 
(:)\udtl}) FOR ALL HEAT TREATMENT PURPOSES 
Ws Backed by 40 years’ specialist experience 


S 





WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HF2TS TELEPHONE: WATFORD 26091 (8 Lines) 
we.93 
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Concentration 


Few more perfect examples 

of concentration—the co-ordination 

of eye, mechanical timing and innate 
personal skill—-will be found than the 
art of the craftsman at the hammer. 
Father to son, down the generations, 
this ‘‘ know-how” is abundantly 

in evidence at Firth Brown 


‘ y+ \ 
‘ s 
“ * 
ex 
W 
- J c Pp) \ “a 2 
\by 
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, = i ) ) yam, U : J = 
ALLOY STEELMAKERS . FORGEMASTERS . STEEL FOUNDERS HEAVY ENGINEERS 


THoOs ’ arty s “HN sROWWN LimrirTrec . MEFFIELO . ENGLAND 
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80-ton direct arc melting installation 150-ton capacity bogie hearth furnace 


HEAVY DUTY ELECTR FURNACES 
SERVING WOUSIET EVERYWHERE 





Continuous hardening and tempering of forgings Continuous normalizing of forgings 


METALECTRIC FURNACES LTD. 


SMETHWICK - ENGLAND 
FOR ALL FORMS OF ELECTRIC HEAT TREATMENT EQUIPMENT 


Roller hearth bright annealing Continuous blackheart and pearlitic malleablizing 12/40C/60 
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- STEEL ROLLS 


Forged and cast steel Work Rolls, | FOR BLOOMING MILLS 
Composite Back-up Rolls, and cast | COGGING MILLS 
steel Back-up Rolls tn carbon or 

PLATE MILLS 


ENGLISH STEEL FORGE AND ENGINEERING CORPORATION LTD 
ENGLISH STEEL CASTINGS CORPORATION LTD 


u on ou pout subsidiaries of English Steel Corporation Ltd. Sheffield 


alloy steels to suit the particular 


applications and service conditions. 
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, : , J Also manufactured by 
A G.W.B. Furnace installed at the works of G.W.B. Furnaces Ltd: 


EARLE, BOURNE & CO. LTD. BIRMINGHAM. * BATCH FURNACES 


This furnace is of a 2 ton per hour capacity, * BELL FURNACES 
is atmosphere controlled and is of the * BOGIE HEARTH FURNACES 
Continuous Roller Hearth type. In this instance = * PIT FURNACES 
it is used for the treatment of copper and ety Conreren 
brass tubes up to 35 feet in length also for coiled * CONTINUOUS ROLLER 


HEARTH FURNACES 
;, a * PUSHER TYPE FURNACES 
maximum temperature 700°C. = * WALKING BEAM FURNACES 


tubes. Rating is 285 kW in 3 control zones, 


G.W.B. FURNACES LTD. 


P.O. BOX 4- DIBDALE WORKS - DUDLEY » WORCS. 
Tel: Dudley 55455 (9 lines) 
Associated with Gibbons Bros. Ltd. and Wiild-Barfield Electric Furnaces Led 
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Clayton Son & Co. Ltd., of Leeds have 
been well known as heavy engineers 
for nearly 100 years and one important 
aspect of their business is the fabrica- 
tion of large welded pressure vessels. 
Recently they received an order for 
two high pressure propane gas cylinders, 
one of which ts shown in Figure | 
These are of all-welded construction 
and to comply with British Standard 
1500, dealing with stress relieving of 
pressure vessels after welding, the 
whole of the vessel must be heated 
after fabrication according to an 
extremely exact  time/temperature 
schedule. When the stress relieving 
temperature of the vessel is at 650°C, 
the temperature differential between 
any two points must not exceed 50 C 
The usual method of meeting these 
requirements is to place the pressure 


vessel in a gas-heated furnace and 
raise its temperature in accordance 
with the requirements of B.S. 1500 
However, as the dimensiens of the 
vessels increased—the gas cylinders 
mentioned above being 46° x 9 in 
diameter—the number of stress re- 


lieving furnaces available for this class 
of work was limited. Sometimes the 
job had to be done by inserting one end 
of the container into the furnace with 
the other end protruding, and then 
reversing it. This was obviously un- 
economical in terms of fuel and hardly 
met the real requirements of B.S. 1500 


1960 
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FURNACELESS HEATING 


Fig. | 


Messrs. Claytons discussed their 
problem with the Industrial Develop- 
ment Centre of the North Eastern Gas 
Board, and they undertook experiments 
with high velocity jet type gas burners, 
working on an old Lancashire boiler 
shell. Within six months, the North 
Eastern Gas Board had evolved a 
method of stress relieving these larger 
containers in situ, obviating the incon- 
venience and expense of transporting 
the vessel to another factory for the 
stress relieving to be carried out. This 


stress relieving process is covered by a 
joint patent held by the North Eastern 
Gas Board and Clayton Son & Co. Ltd. 

A model of the equipment used is 
the burner is 


shown in Figure 3 and 
shown in Figure 2 


Fig. 2 
High velocity jet 
type gas burner 


Stress Relieving Large Vessels without a 
Permanent Furnace. 





46° x 9 diameter high pressure cylinder, stress relieved in situ. 


First the whole of the vessel 
lagged with an insulating material 
which in this case was 4” of Rocksil 
The jet burner was then arranged to 
fire through the manhole of the vessel 
into a hot gas distribution § tube 
arranged internally, having a number 
of perforations, as shown in Figure 4. 
The hot blast of gas through the 
central distribution tube causes, by 
entrainment, the recirculation of waste 
gases within the centre tube, distribu- 
ting the heat uniformly throughout the 
vessel. In addition, arrangements were 
made for jets of compressed air to 
control the hot gas flow from the ends 


was 


of the distribution tube to provide 
uniform heating at the ends of the 
vessel. Finally, the hot gases escape 








=< 


in situ. 


| was 
aterial 
ocksil 
ged to 
vessel 

tube 
umber 
ture 4. 
h the 
-* by 
waste 
stribu- 
ut the 
Ss were 
air to 
e ends 
rovide 
of the 
escape 
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1rough the same vent through which 

ve burner fires, as shown in Figure 4. 
ince it is necessary to record the 
“mperature of the vessel at points not 
wre than 15 feet centres, steel blocks 
vere welded to the vessel and carried 
he thermocouple wires. A continuous 
ecord of the vessel temperature was 
naintained over the heating and cool- 
ng periods and experience seems to 
ndicate that the temperature schedule 
an be maintained even more accurately 
than is at present required by the B.S. 
Actual records obtained are shown in 
Figure 5. The following data give some 
idea of the performance achieved in 
the stress relieving of the high pressure 
cylinder shown in Figure 1. 


Dimensions of Vessel 

ee Approximately 46 ft. 
Diameter scdlenokemnds «4s ee 
Plate thickness... .i” shell, 1” endplates 
Access hole. . 18” diameter, 6 ft. from end 


er Approximately 21 tons 
Burner Dimensions 

Overall length. . scccsscecsosecnses 28” 
ee QE, £2). Se ceekacaenbate hd 44” 
Air supply pressure.......... ieee 
Air capacity available..... 1000 c.f.m 


Gas max. capacity... . 7000 cu. ft. per hr 
Jet speed (tunnel exit)... . 
Approximately 400 m.p.h 

Recirculating tube...... . 15” diameter 

Discharge holes 3 34” dia. holes 
along its length with 6°—9”" end 
discharge. 

Operational Details 

Normal heating rate..7 hrs. to reach 
600°C 


Average gas rate. .4200 cu. ft. per hour 


The thermocouple readings over the 
period under investigation are given in 
Figure 5 and the inspecting authorities 
showed a great interest in the process, 
which they thought to be an improve- 
ment over prevailing methods. It is of 
interest to note that the Rocksil lag- 
ing cost about £280 with an additional 
£75 for its application and the installa- 
tion of the centre tube. It is thus 
obvious that stress relieving of large 
vessels can now be carried out at 
minimum capital cost by fabricators 
without furnaces, eliminating transport 
to furnace plant with freight charges 
estimated at no less than £1 per ton 
per mile. 

This is of course, only one practical 
application of furnaceless heating. The 
North Eastern Gas Board and Messrs 
Clayton Son & Co. Ltd. are experi- 
menting with the erection of a tempor- 
ary furnace which might be likened 
to a form of Nissen hut in sheet metal. 


This is lagged with Rocksil, and 
irregular shaped articles of large 
tonnage may be placed inside this 


canopy. Once again a central tube 
ifrangement is used, the jet burner 
being so placed that the whole of the 
irregular shaped component may be 
iniformly heated. Such a furnace is to 
be built by Messrs. Claytons. 


The North Eastern Gas Board is 
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Fig. 3. 
Model of equip- 
ment used in 
furnaceless 
heating process. 


Fig. 4. 
Diagrammatic section 
through lagged 
cylinder showing 
burner jet and 
distribution tube. 
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Fig. 5. Continuous temperature re- 
cording of heating and cooling process 
(Maximum and minimum curves of the 
12 points recorded). 


also using this for the drying out and 
heating up of large glass furnaces after 
they have been repaired or rebuilt 
Here again is an instance where the 
time/temperature schedule must be 
rigorously controlled because of the 
various physical and chemical changes 


COMPRESSED wn 
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INSVLaTION 









Sueeorrs 


which occur in the furnace brick work 
during drying out and pre-heating 
periods. The summarised advantages 
of furnaceless heating include: 


a Minimum capital cost. 

6 It is no longer necessary to 
occupy permanent factory space 
with a huge furnace. 

c Reduced running costs. 


d_ The advantages of stress reliev- 
ing in situ 


The North Eastern Gas Board is 
convinced of the importance of the 
applications of the principle of high 
velocity jet type burners for many heat 
treatment processes without using a 
permanent furnace structure. Typical 
applications include pressure vessels 
for the chemical and oil refinery in- 
dustries as well as those employed in 
nuclear energy projects. This is one 
example only of the manner in which 
the Industrial Development Centres of 
the Gas Boards undertake work on 
behalf of and in co-operation with 
manufacturers. Their experiences are 
interchanged so that any manufacturer 
approaching his Industrial 'Gas 
Engineer has the benefit of this 
co-ordinated knowledge of applied 
industrial gas techniques... 


Scottish Gas Board, Edinburgh 

Northern Gas Board, Newcastle-upon- 
Tyne 

North Western Gas Board, Manchester 

North Eastern Gas Board, Leeds 

East Midlands Gas Board, Leicester 

West Midlands Gas Board, Birmingham 

Wales Gas Board, Cardiff 

Eastern Gas Board, Watford 

North Thames Gas Board, London, W.& 

South Eastern Gas Board, Croydon 

Southern Gas Board, Southampton 

South Western Gas Board, Bath 


The Gas Council, 1 Grosvenor Place, 
London, S.W.] 




















‘TRANSITROL 


Patents 617053 & 819536 


Temperature Controllers 





from C39. 10, 


DELIVERED 







-.-- have already 





proved their 
reliability and 
durability to 
thousands 

of firms in 
all industries! 


Comprehensive information from: ETHER LTD. 


Tyburn Road, Erdington, Birmingham 24 


Caxton Way, Stevenage, Herts 


Representat 


ves throughout the U.K 


East 0276-8 


Stevenage 2110-7 


Agents in all principal countries. 








TYPE 990: 


[wo-position on/off. 


Dperating: 
olenod valves. 

Aotorised vaives. 
»ntactors. Relays. 


lectric heaters. 


Applications: 

alt-bacths for heat-treat- 
rent of metals 
/treous-enarmne lling 
vurnaces 

4Auffle furnaces, 

4ot-air ovens. 

Irying kiins. 

rucible furnaces, 
4igh-temperature 

arms 

xtruding and moulding 
aches, etc., etc. 








TYPE 991: 
Ant cipatory 


Operating: 
Solenoid valves. 
Motorised valves. 
Contactors. Relays. 
Electric Heaters. 


Applications: 
Extruding machines and 
moulding presses for 
plastics, rubber, etc. 


Die-casting machines, 


Furnaces for crystal 


growing. 


Chemical processing. 
Food packaging 
machinery, etc., etc, 








TYPE 992: 
Proportioning 


(stepless) 


Operating: 
Saturable reactors. 


Applications: 
Electrically-heated 
equipment requiring 
extremely accurate term- 
peratures, ©¢.g. plastic 
extruders for high- 
quality production. 


Electric furnaces em- 


ployed on research, 


Electronic production, 
etc., etc, 








Three tion 


employing any combina- 








t of the preceding 
contr systems). 
Operating 

Sole d valves. 

M r valves 

Ce rs. Relays. 
Electric heaters 
Saturable reactors, 


Applications: 
Ber che 


ndependent con- 





‘ tial heating 
and cooling or for co 
tr ng a floating valve 
Salt-baths for heat-treat- 
me of metals 
Vitreous-enameliing 

f aces 

Muffie furnaces 

Cr ble furnaces 











TYPE 995 
Continuously-acting 


Proportional 
(with manual! reset) 
Operating: 


Motorised proportioning 


valves. 


Applications: 
Gas-fired or oil-fired 
mo iten-metal vats, 


Continuous!y-fed 
furnaces. 


Lehrs. 


Drying ovens and kilns, 
etc., etc. 








TYPE 994: 
Time-Temperature 
(employing any one of 
the preceding control 
systems). 


Operating: 

Solenoid valves. 
Motorised valves. 
Motorised proportioning 
valves 

Centactors. Relays. 
Electric heaters. 
Saturable reactors. 


Applications: 
For controlling the rise 
and fall of temperature 
over a given period o/ 
time inc— 
Pottery kilns. 
Food processing. 
Heat-treatmentofmetats 
lass, plastics. 
esearch, etc., etc. 
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Copies Left-and Right-hand 
’ die halves simultaneously 


TD. 


276-8 
110-7 


tries. 
otieinaiaamadantnell 





: 

erature 
any one of 
ng control 






ives. 
valves. L 
proportioning 


. Relays. 
ters. 
eactors. 


ms: 

fling the rise 
temperature 
en period o/ 


“ 
“1 watae 


ns. 
SEINE. 
nentofmetals 


cs. 
tc. etc. 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.1I4 
Tel) WESTERN 8077 (8 fines) Telex: 23182 Groms’ ACCURATOOL LONDON TELEX 





AUTOMATIC HYDROCOPYING DIE SINKER 
MODEL KAB 250 


Fully automatic — roughing and finishing — this exceedingly 

robust bed-type machine copies 3-dimensional dies, without supervision, from 
wooden or plaster models. Both left- and right-hand halves of the die can 

be copied at the same time from the same master. 360 profiling can be performed 
at constant feed, without rotating circular tables, and on 

vertical contours. Servo hand control permits speedy roughing. The machine 

has two spindles; single- and 4-spindle machines are available also. 


Table size 130” « 25%". Spindle speeds (18) 42 to 2000 r.p.m. 
Copying feeds, steplessly variable -4" to 15-75". Pick feeds 006" to -2", 


Send for illustrated brochure MT/188 


SOLE U.K. DISTRIBUTORS 
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NICKEL ALLOY STEELS 


ensure reliability in loading 
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Samson Loader Model M C 3 


Bevel pinion and crown wheel assembly 
for gathering head. 





Economical coal production depends upon rapidly TYPICAL MECHANICAL PROPERTIES OF 


removing coal or stone when it has been brought 
down. To do this the Samson Loader has been 
developed by Mavor and Coulson Ltd., Bridgeton, 


Glasgow, S.E 


























° These illustrate its strength and toughness im massive sections 
The Samson Loader is essentially a flexible con- s : = : 
7T T T 
vevor on to which two gathering arms quickly pull 
_— oe s ow © om weat TreaTwenr | YIELD STRESS| maximum | ELongaTiON | Goo 
loose material. The delivery end of the jib can be tei STRESS tsi per cent nb. 
varied from 2 ft 1 in to 8 ft 4 in high, and peak ene, Pe + 
: ym \ MC 24 in. dia.| Oil quenched 830 C 75 78 17 “ 
capacity working for Model MC3 is up to § tons of campered 300°C 
coal per minute 24 in. dia.| Oil quenched 830 C 58 63 21 68 
To achieve reliability under the difficult condi- tempered 650 C 
tions in coal mines, the designers specified nickel 4in. dia. | Oil quenched 630 °C 56 6! al ad 
: . tempered 650 C 
alloy steels notably En2s5, En36B and En24 or Gin. dia. | Oi quenched 630°C 55 6! n 63 
equivalents for high impact values. These steels are tempered 650 C 
i. 
used for gear shafts and other components - 
‘ By utilising the better properties obtainable in mckel alloy steels, dimensions can 





uced, lighter constructions produced, distortion through heat-treatment 
minvmsed and reliability and economy acheved 


Piease send for our publications entitied, ‘The Mechanical Properties of 
Nickel Alloy Steels’ and ‘The Case Hardening of Nickel Alloy Steels’. 


MOND NICKEL 


® ... MOND NICKEL COMPANY LIMITED, THAMES HOUSE, MILL BANK, LONDON, SW? 





roa as/alew 








mt 





Photograph by courtesy of Jaguar Cars itd 


Carburising— 


A great basic advance— 
Positive Instrument control of carbon 


T the high temperatures normally used steel is very sensitive to the carbon potential of a 
furnace atmosphere and carbon can be transferred from gas to steel or conversely from steel to 
gas until a state of equilibrium exists. In commercial practice, however, owing to several factors, 
a state of equilibrium rarely exists, and for many years there has been a continuing search for a tool 
which would permit measurement and control of carbon potential in heat treatment atmospheres 

We have now developed such a tool—called a Carbohm. It takes the form of a primary element 
and measures carbon potential much in the same way that a thermocouple measures temperature 
As carbon flows in or out of the Carbcohm its electrical resistance changes, these changes being 
picked up by the Microcarb Controller, which operates a relay regulating the flow of fluid to the 
furnace. 

Thus the carbon you set on the Microcarb Controller is the carbon you get, the control giving 
you the desired case depth and the case structure, control being possible at any eutectoid figure. 
Steel pressings normally made in spring steel can be made in mild steel and homogeneously 
carburised to any preset content. Jaguar, Austin, Morris, Leyland, Sperry Gyroscope, Singer, 
etc., all use this method. 


The attractive Microcarb control booklet will be sent to you with pleasure on request 


INTEGRA, LEEDS a & NORTHRUP LTD. 
183 BROAD STREET, | ban} BIRMINGHAM, 15 





Telephone: MIDLAND 1453/4 If 


"Grams: FLOMETER, BIRMINGHAM 
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Frotog’ Opn oy aie verrmssron uw we Ausun moter Ve. Ltd. 


FURNACES 


A wide range of standard or tailor-made mechanised forge furnaces is available, Pusher 
Type - Rotary Hearth Type - Conveyorised Bar End Heating, with GGC scale-free heating 
system or fired by gas or oil. The photograph above illustrates a small Thermic Magazine 
Feed Pusher furnace fired by CC Burners. Output: 7-cwts. of small billets per hour. 


Thermic Equipment & Engineering Co. Ltd. 


(Subsidiery Compeny of Gibbons Bros. Limited, Dudley) 
SALMON STREET, PRESTON TELEPHONE : PRESTON 56254/5 ° TELEGRAMS : THERMIC-PRESTON 
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WIN 
THE BATTLE 
OF THE BURR 


B. O. MORRIS LTD. - MORRISFLEX WORKS, BRITON ROAD - COVENTRY 
Telephone : 53333 (PBX) Telegrams : MORISFLEX, COVENTRY 


PRODUCT OF THE Mogi GROUP 
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Availability plus! 


Incandescent lift-off furnaces work at full stretch a// the time. No wasted 
downtime while waiting for a charge to be loaded or unloaded: no sooner 
is the heating cycle complete than the heated furnace is transferred to the next base, 
which is already loaded. Meanwhile the first charge cools — under atmosphere if 
required —- and is unloaded by the crane. Every heating cycle can be tailored exactly to meet 
the most stringent requirements, with full control over heating rates. 

Incandescent lift-off furnaces are in use the world over, for ferrous and non-ferrous 

wire, rod, sheet and strip, and for the heat treatment of castings. 








WWD) SERVI? | FOR ALL HEAT TREATMENT PLANT 


THE INCANDESCENT HEAT CO LTD SMETHWICK ENGLAND 





12/10€/60 
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FOR DIE BLOCKS 
CLIPPING TOOLS 
BOLSTERS 
HAMMER TUPS 
HAMMER SLIDES 
PISTON RODS, ETC. 


wVineal FORGE ‘HIE TD LANGLEY FORGE - LANGLEY - NR. BIRMINGHAM 


& Telephone: BROadwel! 1342 Grams Langforge, Langtey 
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# ROLLS-ROYCE chose 


GRAD COLLOIDAL GRAPHITE 





for extruding Titanium Compressor Blades 


— because it TREBLED tool life 


consult 





ATION ENGINEERS 


CONSULTING LUBRIC 


CLUBGARDENS WALK, SHEFFIELD || TELEPHONE 27385 




















THE 'ROLLMASTER' FORGING ROLL 


faster more accurate pre-forming 














Complete portability for maximum forge shop utilization 


All steel fabrication - Totally enclosed transmissions in oil 


Exclusive 


Double helical gearing for smoother drive, more power, longer life 
Pre-forming s s match forgin ress production rates 
Features peng Gam ene eee 


Extra rapid electric control 


Complete range from |\" to 5" square stock 


é 
j 
7 
2 
4 








WILKINS & MITCHELL LTD. | DARLASTON | S. STAFFS | ENGLAND 
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you punch it, stretch it or squeeze it ? 


Thy —— vou concerned about the effect of this sort 
— mihar 
~ N ‘reatment on its amenable behaviour ? 
\' ==. 
XC PX 
TIN wwoid your pet product developing unyielding 
Be 
\* 3/3 ] its from hard working you need only to 
XQ \ y t vour annealing to Birlec furnaces. 


tmongst the hundreds in use in the metal 
orking industries there are types to suit most 

needs —or, if not, a special design can 

he produced to match your own ideas. 


From box, bell, bogie, belt to pit, pusher, 
pull-through and roller hearth; with 
controlled atmosphere, forced convection, 
time-temperature control; electrically 
heated or gas fired; there is a proved Birlec 
design for every specification. 





{sk your pet typist to write to us for more information 


furnaces for every heat treatment 


AEI-Birlec Limited 


Tyburn Road:-Erdington: Birmingham 24 


Telephone: East 1544 Telex No: 33471 


LONDON - SHEFFIELD NEWCASTLE-ON-TYNE - GLASGOW - CARDIFF 
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This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 
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the part played by carbide stringers are studied in this series of articles 
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in grain structure were studied by X-ray diffractography. Optical 
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metallurgist to keep abreast with its scope. Dr. Wright outlines the 
subject in a series of articles 
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We 
take our own 
medicine 





Five years ago we began rebuilding the round down-drau Morgan Crucible Co. Ltd. at Battersea 
in MI. 28—a hot-face insulating brick of low thermal! us then comparatively new. The roof of 
one of these furnaces immediately after installation t picture 


... (MI. 28 bricks) 


... and like it 





‘ ; 


The output of these kilns, lined with MI. 28, was considerably greater than their firebrick counterparts, 
because the low heat-storage of the lining shortened both heating and ling periods. This, in fact, was the 
principal reason for the change-over. What we were not so sure of at that time was the life of these linings. We 
would hardly have dared to expect anything as good as we got. The second picture shows the same roof after 


s service. So far as we can see it is good for at least another five years and probably longer. 


GAN 


efractories Ltd 





MORGAN REFRACTORIES LTD. NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 
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Drop forging today 


T is commonplace to say that the traditional industries are highly resistant to change 

—of course they are, that is why they are traditional. It is also true that in many 

ways they are quite justified—changes indulged in just for the sake of novelty can 
easily prove costly and irrevocable. Nevertheless, nothing can remain in the same place 
indefinitely, and a constant watch is needed to maintain close contact with changing 
conditions both inside and outside the plant. It is all too easy to take for granted that 
what worked well yesterday will also work well enough tomorrow, when, in fact, investiga- 
tion may show that it has already ceased to work today. In other words, it is essential 
to be able to detach oneself from a customary viewpoint and to look and see what is 
actually happening. ‘ We have always done it this way, do I know why ? Is it still the 


> 


best available method ?’. . . etc. 


It is clear that such critical detachment is exceedingly difficult when immersed in the 
day-to-day running of a plant, and it is becoming more and more usual to employ 
specialists and specialist organizations to ensure that the highest possible efficiency is 
being achieved. Last month, at the National Association of Drop Forgers’ and Stampers’ 
Technical Convention at Droitwich, drop forgers took part in discussions with experts in 
different fields, some of whom serve industry by examining existing methods and 
proposing possible future improvements. 


One of the lecturers, Mr. E. Tholander, Sveriges Mekanforbund, aroused great interest 
with an excellent exposition in English of examples of forging research in Sweden. He 
gave a picture of the industrial and historical background of the forging industry in 
Sweden, and described the Forging Laboratory at Eskilstuna with details of its research 
equipment. In view of the proposed co-operative drop-forging research organization 
in this country, details of the Swedish experience were particularly interesting. Mr. 
Tholander then described a particular research on the forging process with open and 
closed dies. Upsetting of cylinders in the drop hammer and the factors affecting closed 
die forging were being studied by means of lead specimens at room temperatures with 
much greater facility than would be possible with hot steel. 


A quite different aspect was highlighted by Mr. G. H. Simmons, S. J. Noel-Brown & 
Co Ltd., who spoke on the need for greater productivity. Stressing the value of work 
study in industry, Mr. Simmons said that work measurement enabled management to 
organize, control and direct human activity towards specific ends by applying techniques 
designed to establish the time for a qualified worker to carry out a specific job at a defined 
level of performance. Method study was the systematic recording and critical examina- 
tion of present and proposed ways of doing work, to develop easier and better methods 
and to reduce costs. These were the twin techniques of work study. 


Other interesting papers given at the conference were by Mr. E. C. Seed, Cowlishaw, 
Walker & Co. Ltd., on ‘ present trends in the design of power presses ° and by Mr. J. P. 
Wilson on ‘ the influence of the cost accountant on productivity.” We came away from 
the conference feeling that we had been shown some of the necessary tools for maintaining 
an industry in a competitive position. The tools are there waiting—all that remains is 
to make sure that good use is made of them. 


a 


et i He 





metal treatment 
and Drop Forging 


480 


december, 1960 


Basic features of the cold forging process 


A. M. COOPER, A.M.1.Prod.E. 


‘Modern trends in the manipulation of metals’ was the theme of a conference held 
at Brighton last October by the Institution of Production Engineers. Among the 


techmques discussed, precision forging 
give other papers presented at the 


was very much to the fore, and we hope to 


conference on this subject in future issues. Mr. 


Cooper is with the Experimental Department, G.K.N. (Midlands) Ltd. 


THE UBIQUITOUS woodscrew and the rivet are 
typical products of the cold-forging process—a 
process where the starting material is round wire 
and components, in general having axial symmetry 
and a head formed on a smaller-diameter shank, are 


formed continuously at high speed. A study of 


modern cold-forging techniques will show, how- 
ever, that it is a process well suited for the manufac- 
ture of many kinds of components currently made 
by other methods. 

Unfortunately, cold forging is a process in which 
practical development has proceeded at a faster rate 
than the basic research work has followed, and there 
is a scarcity of published technical information on 
the subject. 
affairs that designers and engineers have tended to 
neglect the potentialities of the process through a 
lack of knowledge of the type of plant used and the 
basic elements of design for cold forging. 

Hence, this paper is intended, for those un- 
acquainted with the cold forging, to be an introduc- 
tion to the basic features of the process and to 
provide some information on the elements of design 
for it. 


Cold-forging machines 

Special-purpc-> horizontal mechanical presses are 
used for cold iurging. Although these machines, 
fitted with automatic feed and cut off, are known as 
cold-headers, the term is misleading, as it is possible 
to upset portions of the shank of the wire in addition 
to forming the head. 

There are several basic types of forging machines 
and these can be classified according to the following 
characteristics : 

1. The type of heading die. Two die types are 
recognized and each requires a specific machine 
design. The split die header, which is known also 
as the open die header, uses a die made up from a 
pair of rectangular blocks, each with matching semi- 
circular grooves extending down the length of the 
block. The solid die header uses a die which is a 


Perhaps it is because of this state of 


inder with a hole extending down the 
il axis; more normally, this die will be 
from a pre-stressed cylindrical case and 


number of heading blows available within 
»perations. The majority of cold-headers 
ingle-blow or double-blow machines. A 
v header applies the heading punch once 
cycle, i.e. a component is forged for each 
of the flywheel; i.e. a component is 

r each stroke of the punch ram. The 

low header, fitted with an indexing punch 

ontaining two separate punches, applies 
f the punches once during the cycle, 7.e. two 

strokes of the ram are required to produce 
one component, 

Chere are few machines which have been de- 
signed to provide three blows—three punches but 
three revolutions of the flywheel per component. 
his type of machine is not in common use, as the 
decreasing ductility of the upset material tends to 
reach a limiting figure when forging with a single 
die. Due to this limiting factor, a modified form of 
header, known as a transfer header, has been 
developed. This machine is, in reality, a series of 
single-blow, single-die headers, each linked to the 
next by means of a transfer mechanism, and alli 
contained within one frame. Thus, this convenient 
arrangement of dies permits a progressive reduction 
of the wire diameter to be undertaken and the 
multi-tool arrangement allows more complex forms 
to be achieved. As each operation is carried out 
simultaneously, a finished component can be 
produced with every stroke of the header. 

3. The maximum diameter of wire which can be 
used on the particular header. Cold-heading 
machines are designed to operate within certain 
specified wire-diameter ranges and it is common for 
a machine to be known by the maximum wire 
diameter it can handle and not by its available 
power, ¢.g. } in., *% in., } in., } in., 2 in. and } in. 
The design limitation is not only in the available 
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power, but it is also in the size of the die pockets and 
the strength of the cut-off mechanism. 

4. The maximum length of wire which can be cut 
off at each cycle of operations. Heading machines 
are designed also to operate within specified lengths 
of cut-off. (It should be noted that the cut-off 
length includes all the material to be upset into the 
head as well as the material to form the shank.) 
Thus, for every machine, there will be an absolute 
minimum and an absolute maximum cut-off length 
and the resultant shank length will be dependent 
upon the volume of material which is to be upset 
into the head. As a general rule, the minimum cut- 
off length is considered to be about three times the 
wire diameter and, for solid die forging, a maximum 
about 12 times the wire diameter. However, 
special long-stroke machines are designed to 
operate between roughly eight times wire diameter 
up to 20 times wire diameter. 

It will be shown later that the split-die header 
can be capable of handling a cut-off length of up 
to 30 diameters. 

Exceptionally long work is usually forged in 
specially designed open-die headers, sometimes 
known as “poke headers, where the frame is cut 
away to facilitate either manual or semi-automatic 
feeding. 


Cold-forging sequence of operations 

The basic sequence of operations is essentially 
the same for all types of headers but as there is a 
difference between the operation of a split-die and 
a solid-die header, both sequences are described 
here. 

Solid-die header. In the case of a single-blow 
solid-die header, wire is fed from the coil by auto- 
matic feed rolls, through a cut-off die, up to an 
adjustable stop. The stop is so arranged as to 
cause a predetermined length of wire to protrude 
in front of the cut-off die. A cut-off knife slides 
across the face of the cut-off die and shears off the 
predetermined length of wire; the slug is retained 
in the knife, by a hinged finger. The motion of the 
cut-off knife is continued so as to transfer the slug 
to a position in line with the heading die bore. The 
heading punch is advanced and pushes the slug 
part-way into the die, i.e. until the insertion is 
prevented by a plunger pre-positioned inside the die 
bore. The cut-off knife and finger in the meantime 
have released the slug and they return to a position 
in front of the cut-off die. 

The pre-positioning of the plunger causes a 
determined amount of the slug to remain protruding 
in front of the die and it is this portion of the slug 
which is upset by the continuing forward motion of 
the heading punch. Initially, the whole of the com- 
pressive force is exerted on the end of the plunger 
but, as soon as the slug begins to upset, the thrust 
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is distributed across the newly formed surfaces 
against the face of the die. Any tendency for the 
shank to swell and bind in the bore of the die is 
thereby limited. Consequently the wire is formed 
to the shape of the cavity in the heading punch 
and or in the face of the die. The heading punch is 
withdrawn and the plunger is caused to move 
forward, thereby ejecting the headed blank from 
the die. 

With this arrangement, components having the 
same head form and shank diameter, but different 
plain shank lengths can be accommodated by adjust- 
ing the amount of wire cut-off and adjusting the 
position of the plunger in the die bore within the 
design limits of the header. The maximum slug 
lengths which can be fed into a ‘ closed’ die and, 
after upsetting, ejected from the die is normally 
equivalent to about 12 wire diameters. The length 
is limited not only by the frictional forces involved 
but also by the relative clearances around the 
various moving parts at the carryover, feed and 
ejection stages in the cycle. 

Split-die header. The split-die header uses a die 
made up of two rectangular blocks, so arranged that 
one block can be moved a small distance laterally 
relative to the other (7.e. the die can be opened 
slightly at the beginning and at the end of the cycle) 
and the die as a whole can be moved laterally 
relative to the machine frame. 

In the case of the single-blow split-die header, 
wire is fed from the coil in between the blocks in 
their open position (i.e. from the rear of the blocks) 
up to an adjustable stop. The die blocks then close, 
the movement of one block towards the other shears 
off the predetermined length of wire and then clamps 
the slug. It should be noted that the rear face of the 
block acts as the cut-off knife. The die as a unit 
continues to move laterally to bring the slug in line 
with the punch and, at the same time, to bring the 
rear face of the die in front of a solid portion of the 
frame. The punch then moves forward to upset the 
protruding portion of the slug. As the punch with- 
draws the die returns to the starting position and the 
blocks separate slightly. Thus, as the wire is fed in 
for the next cycle, the end of the wire acts as an 
ejector for the headed blank. 

It will be seen that with the split-die header, each 
shank length requires a specific length of die due to 
the fact that the rear face of the die registers the end 
of the shank. However, since the split die is open 
during wire feed in and during ejection, the length 
is limited only by the machine design (and by the 
ability to pre-straighten the wire). 

It should be noted that, although a powerful 
clamping mechanism is used, the characteristic 
feature of the split-die header is the slight witness of 
the division between the two die blocks on the 
under-surface of the head of the blank. The blocks 
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tend to wince, or separate, slightly under the full 
heading load and the material is forged into the gap. 

Two-blow machines. With the two-blow machines, 
the sequence of operations is as described above 
except that the blank is retained in the die after the 
first blow has been applied. As the first heading 
punch is withdrawn, the punch block is indexed so as 
to bring the second heading punch in line with the 
die. The second blow is applied and the blank 
ejected in the normal manner. The wire feed and 
cut-off mechanism is arranged to operate only once 
during the cycle. 

Transfer headers. In the case of transfer headers, 
the design is based on the solid-die method. These 
machines are sometimes called progressive headers, 
as the blank, after each forging stage, is ejected into 
transfer fingers and carried over to the next station. 
Thus a number of head forging and or shank- 
reducing operations can be carried out simul- 
taneously and a finished component is produced at 
each stroke of the machine. It is usual for the 
machine to have three, four or five forging stations 
and the final station can be adapted to trim, or 
shear, a cheese-headed blank to a square or hexagon 
form. 


Cold-forging limitations 

Upset ratio. As the upsetting force is an axial 
compression, there is a limited length of unsup- 
ported wire (protruding from the die) which can be 
upset at the beginning of the process without buck- 
ling, t.e. this is a classic example of the Euler Theory 
of Struts. For successful forging the material must 
upset evenly and flow in controlled directions; 
properly controlled grain flow is the factor chiefly 
responsible for the superior strength of cold-forged 
components compared with components produced 
by machining from bar stock. Thus, one of the im- 
portant factors to be considered, when assessing a 
component for its ‘ forgeability,’ is the upset ratio. 
This is the ratio between the length of wire required 
for upsetting into the head shape to the original 
diameter of the cut-off wire. As the ratio is in- 
creased, there is an increased tendency for the wire 
to buckle and, as a consequence, unsatisfactory 
grain flows will be obtained within the finished 
forged head. 

Practical experiment indicates that the maximum 
possible length which may be upset in one blow 
cannot normally exceed 2-3 times the wire diameter. 

If it is required to upset ratios greater than 2-3, 
and not more than 4-5, the total upset must be 
shared between two blows. Clearly the second 
punch and the die form must correspond exactly to 
the size and shape of the finished component; the 
shape of the first blow punch being determined by 
the needs of the process and not by the design 
requirements of the finished shape. 
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It is usual for the first blow punch to be designed 
so that it gathers the wire into an approximately 
conical form. The design of this conical form tends 
to be critical, but the principle is to support part of 
the wire in the back of the punch and to start the 
material swelling outward so that, when the finish 
punch is applied, the material will continue to flow 
in the desired direction. 

The upset ratio is influenced by the practical 
design of the finished shape and the achievable ratio 
may be less than the theoretical maximum—for 
example, large-diameter heads and non-concentric 
heads, due to the manner in which the material will 
flow. To a smaller extent, the ratio will be in- 
fluenced by the surface condition of the wire, and 
the lubricant which can be used, when the effect of 
imperfections (for example, any tendency to crack- 
ng) umposes physical limitations on the amount of 


-blow headers are not commonly found, 

t to obtain upset ratios of greater than 4:5 
b ily forming the head shape on a standard 
t header and then finish forge on a re- 
\ reheader is a normal header adapted for 

feed; this arrangement permits any inter- 

nealing which may be required for these 

ets. An alternative method of obtaining 

s of greater than 4:5 is to forge on a 

ader but, in this case, it is usual to use 

vil of a larger diameter than for the two- 
blow ader method. The use of a larger wire 
di vill reduce the actual working upset ratio 


al transfer header tool arrangement permits 
th ser diameter to be reduced to the final 
ck d shank diameter. 


Difficulues are encountered when forging very 
low upset ratio heads (i.e. heads with only a small 
degree of deformation) since the small force re- 
quired for upsetting may be insufficient to remove 
irregularities in the cut-off slug. Additionally, any 
volumetric variation in the cut-off slug will be 
reflected to a greater degree in heads of small 
volume. 

Larger-diameter thin heads tend to provide the 
worst forging conditions. There is always the 
tendency for material to burst in the regions of 
maximum displacement, i.e. around the outer cir- 
cumference. This is especially so when there are 
discontinuities in the surface of the original wire, 
e.g. wire-drawing scores, laps and surface slag. In 
addition, the actual deformation of material tends 
to be non-uniform. 


For example, expansion becomes non-uniform 
due to the friction of compressed surfaces and to the 
internal effects of material work-hardening. These 
factors can be minimized by reducing the compres- 
sive surface friction (by effective lubrication) and by 
selecting material which has a good surface finish 
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free from inclusions. Thus, where the component 
shape requires large mean deformations the material 
should be capeble of good deformability, but if the 
component shape requires high maximal deforma- 
tions, then the material must have a good surface 
finish, t.e. there is a definite relation between 
material stress and material content. 

Hence the degree of deformation (the ratio of the 
cross-sectional area of the upset part to the cross- 
sectional area of the original wire) must be taken 
into account as well as the upset ratio. The degree 
of deformation can be conveniently expressed as a 
logarithmic relationship, i.e. loge Al/Ao. When the 
value for loge Al Ao approaches a limiting value of 
about 2, normal two-blow methods produce unsatis- 
factory deformations and it is necessary to resort to 
transfer-header methods. 

An example of how this criterion can be used is 
given here. On a two-blow machine the starting 
material is shank diameter and the wire is extruded 
to thread-rolling diameter while the head is forged 
to a cheese shape. If the degree of deformation of 
the unextruded portion of the shank is zero, the 
value of loge Al Ao for the head is about 1-5 and 
the value for the extruded shank is about 0-25. By 
re-routing to a transfer header, the starting material 
can be larger than shank size. At the first station 
a portion of the slug is extruded to shank size; at 
the second station a portion of the extruded shank 
is re-extruded to thread-rolling diameter while the 
head is forged from the original wire diameter to a 
cheese shape. The degree of deformation for the 
head is about | : 2, for the plain shank is about 0-4 
and for the thread-rolling shank the value is about 
0-6. Hence the head is less work-hardened and the 
degree of work-hardening over the whole blank has 
been made more uniform. 

It is possible by this type of re-routing to produce 
satisfactory components without resorting to inter- 
process heat treatment. 


Length. There are three dimensions along the 
longitudinal axis which must be considered—the 
overall length of the finished component, the length 
of the part of the component in the die and the 
cut-off length. These must not be confused. The 
minimum length in the die should not be less than 
approximately the wire diameter in use, but this is 
dependent upon the head volume and the head style. 

This limitation is due to: (a) The difficulty of 
holding a relatively short length of slug in front of 
the die for sufficient time to allow the wire to enter 
the die (and thus be located) and yet permit the 
carryover mechanism to withdraw in time to avoid 
contact with the advancing punch. The usual 
remedy is to employ an especially thin cut-off knife 
and carryover finger but this tends to give an 
insecure grip of the cut-off slug. 

(b) The frictional forces between the die bore and 
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the parallel part of the shank in the die tend to a 
minimum and to be less than the frictional forces 
between the wire and punch. There is then a 
tendency for the punch to pull the blank from the 
die and so cause a jab. Various devices are em- 
ployed to defeat this tendency; for example, the 
bore of the die can be ‘ringed’ so that shank 
material is forged into the ring and causes a lock to 
occur between the shank and the die. The maximum 
cut-off length is determined by the design of the 
header required for forging the component. 

Extrusion is the term used when the wire d‘ameter 
is reduced by forcing the wire through a conically 
formed extrusion ring contained within specially 
designed heading dies. It is an operation which can 
be carried out while the slug is being forged or it 
can be carried out as a secondary operation, tor 
example, by the use of a reheader. 

An extrusion die is designed to have a bore 
diameter slightly larger than the slug or blank 
diameter and this diameter bore extends as far into 
the die as this larger diameter is required. A 
conical form connects this larger diameter to an 
extruding ring which has a diameter equal to the 
reduced shank diameter required, and the ring 
extends into the die by about 0-030 in. Beyond 
this ring extends a hole whose diameter is greater 
than that of the ring by about 0-002 in. 

There are limitations to the use of extrusion as a 
means of obtaining a very accurate shank diameter 
(which is usually required for thread rolling) and as 
a means of saving material and time (compared with 
other methods such as turning and grinding to obtain 
a similar reduction). These limitations are that: 

(a) It is necessary that, for normal cold-forging 
machines the extrusion die must have a conical 
form leading to the extruding ring. The cone 
angle will usually be about 30° included but varia- 
tions of this angle are possible (usually between 
20° and 45°). Hence, the profile of the component 
will repeat the conical form of the die shape, but 
this cone can be removed by the use of secondary 
operations if a square shoulder is essential. 

(6) The degree of deformation by extrusion in one 
die has a maximum value of about 30°,, reduction 
in area, based on the area of the original blank 
entering the die. Greater reductions are possible by 
repeating the extrusion process in another die, 1.¢. 
on a reheader or by the use of a transfer header. 

(c) Due to the high loads imposed on the extrud- 
ing ring, tool lives tend to be relatively low when 
compared to the life of a plain hole die. However, 
when large numbers of components are concerned, 
the use of carbide tooling maintains a low unit cost. 

(d) Not all materials are capable of being extruded 
successfully, as extrusion depends on the ductility 
factor and the ability for the tool design to provide 
adequate support if the material is soft. By suit- 
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able techniques it is possible to extrude soft copper 
and aluminium alloys, etc. 

(e) There tends to be a limit on the length of the 
extruded portion, determined on one hand by the 
stroke of the header and on the other hand by any 
tendency for the extruded shank to be bent on 
ejection. Bent extruded shanks are not a common 
feature but they can occur more especially on long 
lengths. It is considered that tool accuracy is the 


essential requirement and tool standards must be of 


the highest order. Special tooling can be used 
when the extruded length is longer than the plain 
part length, e.g. by using deeper extrusion rings or 
by using double extrusion rings spaced apart to give 
the maximum support during ejection. 

It is interesting to note that, because wire for 
extrusion is often phosphate-coated to reduce the 
frictional forces involved, a definite surface layer is 
formed during extrusion. This surface is a work- 
hardened surface but it will have a very small depth 
of roughness, which can be as low as one micron 
surface finish, and compares very favourably with 
the finish obtained with other forms of reduction. 

Underhead forging. It has been mentioned pre- 
viously that extrusion and upsetting of the head can 
be carried out simultaneously. It is also possible to 
increase the diameter of the shank immediately 
underneath the head. 

This enlargement can be round, square or even 
non-concentric. However, the volume of this 
additional shoulder must be included in the length 
of wire required for upsetting when calculating the 
upset ratio. 

If the underhead forging is to be a square, it must 
be realized that absolutely sharp corners cannot be 
achieved by direct forging. The corners of the 
square will always be slightly rounded. This effect 
can be minimized by forging on a split-die header 
and arranging for two diametrically opposed corners 
to coincide with the divisions of the die. Other 
limitations are that the length of the square should 
not exceed about 60°,, of the maximum wire 
diameter for the machine, and that | per side draft 
should be expected. 

Forged ribbing is sometimes used as an alterna- 
tive to a square neck or to lugs where the application 
is one where resistance to turning is required. 
Forged ribbing tends to be less costly than knurled 
ribs formed in a secondary operation. However, the 
amount of ribbing is limited to about one wire 
diameter in length and the degree of ‘ filling out ’ is 
dependent upon the head shape and the raw material 
in use. The cross-section of the ribbing should be 
such that the form is self-relieving. 

Radu. Square inside corners on load-carrying 
components are areas of stress concentrations. 
Round corners allow for a smooth transfer of stresses 
and fortunately the formation of a radius is a charac- 
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teristic of the cold-forging process. If a sharp 
corner is necessary, it can be obtained by means of 
reheading or another secondary operation. If the 
shank is to be stepped, it is more convenient to 
design in a taper at the step. 

Hence rounded corners are desirable for two 
reasons—they tend to improve the strength of the 
component and their inclusion reduces the cost of 
the component. Radii should be as large as is 
practicable and, as a general rule, a radius of 5°, of 
the wire diameter is quite possible to forge. 

Points. It is usually impossible to obtain a com- 
plete cone point by forging—although it can be 
obtained by other methods, for example, pinch 


pointing and special pointing attachments. The 
shape of a forged point is that of a truncated core, 
due t essential requirement of a flat end for 
eject purposes. 

The lumiting factors to the forging of a forged 
point are that: (a) Only solid-die machines can 
-* 


he case of single-die machines, the shank 
plain diameter, 1.e. two extrusions cannot 

b rned within the single die. 
e reduction in area at the point should not 
, and the cone angle not more than about 

led. 

he diameter of the die plunger (i.e. the 
ill be the size of the small end of the 
; ; strength of the plunger is somewhat 
I e d there will be a limit to the maximum 
length \aterial which can be ejected from the die. 


Thi unction of the length diameter ratios for 
the pivoger and the frictional forces involved. For 
exampic, only about eight diameters of wire can be 
ejected for shank diameters below 0-100 in.— 


provided that the minimum diameter of the small 
end of the point is not less than 0-060 in. 

A forged point can be forged on an extruded 
shank by indirect means, 1.e. by the transfer header 
method. In this case, a point is forged on the slug 
in the first station die and a register of this point 
can be retained throughout each of the subsequent 
operations including extrusion. 


Materials for cold forging 


It is fair to state that almost any material can be 
cold forged—provided that proper care has been 
exercised in the design of the tools and the selection 
of the forging method. The cold-forging process, 
however, sets certain limits on the material to be 
forged if the cycle of operations is to be continuous 
and, at the same time, successful. The choice of 
material for cold forging is governed by the often 
conflicting interests of ease of forming and the 
required properties of the finished component. 

It will be seen, therefore, that the ideal circum- 
stances for forging exist when the choice of material 
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is left to the manufacturer. It is sufficient for the 
designer to specify the physical and mechanical 
properties that he requires from the finished com- 
ponent; any additional information on the applica- 
tion of the component would be of great use in the 
selection of the manufacturing route. 

The most commonly used material is carbon steel 
for it has the merit of being low in cost, and it is 
easily and cheaply worked. The lower the carbon 
content the greater the ductility and the lower the 
load required to deform the material. Increased 
carbon content will allow a stronger final product. 
The basic principle in utilizing low-carbon steel is 
one of increasing the strength of the material by cold 
working and, hence, obtaining a fair strength from 
a very cheap material, but there are limits to the 
total amount of cold work practicable. 

Cold-heading wire is produced by cold-drawing 
hot-rolled rod. The effect of cold drawing on tensile 
strength, reduction in area and elongation can be 
shown. As reduction is increased, the strength of 
the material is increased but the ductility is reduced. 
The amount of prior work-hardening by cold draw- 
ing is limited in order that the ductility of the 
material is not reduced to a degree whereby the 
required upset cannot be attained. 

Worked parts require a heat treatment to restore 
some degree of ductility. This may be a low-tem- 
perature stress-relieving treatment, a normalizing or 
a full annealing treatment. 

This involves some loss in strength, depending on 
the temperature of the particular treatment involved. 
While the necessity for a process anneal depends on 
the severity of the forming operation, a given shaped 
part may or may not require a process anneal, 
depending on the method used for the forming. 
However, it is worth noting that it is possible to 
manufacture, from low-carbon steel, bolts with cer- 
tain head forms with a tensile strength of 45 ton 
sq. in. which may be used safely without process 
annealing. 

Where a cold-forging operation is severe, a 
rimmed steel is frequently used. The outer skin of 
this type is very ductile because of its low carbon 
content, so reducing the risk of surface cracks being 
formed in the product. The use of this type of 
material is limited to carbon contents not exceeding 
about 0-2°,, carbon. 

The presence of sulphur and phosphorus as im- 
purities in the steel has an adverse effect on the 
ability of the steel to be cold worked. Sulphur 
occurs as sulphides and hence reduces the available 
ductility of the steel, but the effect is unimportant 
below 0-05°,,. On the other hand, high sulphur-free 
cutting steels (e.g. En 1A) are not suitable for cold 
forging. The nature of the steel-making process 
may have special advantages to offer as distinct 
from the straight analysis. For example, acid 
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Bessemer steel is well known for its better machining 
characteristics compared with a similar composition 
produced by the open-hearth process. 

In the case where the forging operation increases 
the diameter of the blank, considerable circumferen- 
tial strain is involved. Wire of good surface quality 
must therefore be used if defects are to be avoided. 
The presence of seams and laps in the surface of the 
wire have to be avoided and special precautions 
(such as ingot dressing or heavy scaling during or 
after the rod rolling stage) are sometimes taken to 
provide wire of superior surface quality. 

For the manufacture of components which require 
a higher strength than can be obtained from cold- 
worked low-carbon steel, a medium carbon or alloy 
steel is used—the required properties being ob- 
tained by heat treatment. The use of medium- 
carbor steels is limited to sections which can be 
through-hardened by oil quenching. To produce 
the optimum physical properties it is necessary to 
harden throughout the section. 

In most cases cold-heading wire is prepared with 
a coating of lime and dry drawn using a metallic 
soap as a lubricant. The thickness of the coat can 
be controlled. For heavy extrusions particularly, a 
heavy lubricant coat is essential if a satisfactory die 
life is to be attained. 

Medium-carbon and low-alloy steel wires are im- 
proved for cold forging if the intermediate wire 
drawing heat treatment develops a favourable 
spheroidized carbide microstructure. Wire with 
this structure will forge more easily than when a 
pearlitic structure is present. The final wire con- 
dition will theretore be spheroidized, annealed and 
bright drawn. 

General steels for cold work, for example, En 2, 
are listed in B.S. 970; B.S. 3 111 covers materials 
for cold-forged, high-tensile work. 

The use of cold forging is in no way limited to 
ferrous material. Copper, silver and certain brasses 
and bronzes can all be readily forged. For upsets in 
brass, the copper content of the brass should be at 
least 62°,, and impurities should be controlled, 
particularly lead and iron. 

Stainless steels are well known for their higher 
work-hardening characteristics. Over the past few 
years, considerable knowledge has been gained in 
forging these steels and successful forging tech- 
niques have been developed for both ferritic (plain 
chromium) and austenitic 18 8-type stainless steels. 
The nickel content can be increased so as to reduce 
the rate of work hardening, e.g. En 58 E (SF 920). 


Design drawing and specification 

Dimensions. It is most convenient if the largest 
diameter of upset is used as the base line, as this 
upset is frequently associated with the face of the 
die, 1.e. the die line. 
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Forging 


It is of great advantage to the manufacturer if one 
dimension can be left ‘ open.’ It will be seen that, 
with wire tolerances of 0-002 in., tool-making 
tolerances of 0:0005 in. and the dependence upon 
machine setting to achieve the final desired com- 
ponent shape, it is necessary to have one part of the 
component free from restrictions in order to accom- 
modate any volumetric variations. 

Tolerances. A graph of price plotted in relation 
to tolerances indicates that price rises considerably 
as the tolerances are reduced. In addition, it is 
always good practice to specify as wide tolerances as 
the application will permit, for the obvious reasons 
that tool lives are considerably increased and thus 
longer production runs can be obtained. 

It is extremely difficult to lay down specific rules 
on tolerances due to factors such as material forge- 
ability, component design and so on. However, 
tolerances are given in Table | as a guide to the 
possibilities of the cold-forging process. 


Taste | Head, shank and length tolerances 
Tolerance range (inches 
Nominal shank _ 
Dia. recess 

















dia. (inches Height Dia 
plain head head* 
Head tolerances 
Up to 4 0-008 0-010 0-012 
ani 0-009 0-012 0-018 
-} 0-010 0-015 0-025 
Nomina! shank dia. (inches Tolerance range (inches 
Shank tolerances 
Upto 4 0-002 
| 0-0025 
; and } 0-003 
i 0-0035 
Length (inches Tolerance range (inches 
Length tolerances 
Up to 1 0-010 
1-3 0-060 
6 0-080 


*If the head form contains any form of recessing, for 
example, hexagon socket, material does not flow evenly 
to the periphery of the head form. The amount of 
irregularity will vary depending upon the recess and the 
head shape. 


It is with shank tolerances that the greatest need 
occurs for as wide a tolerance as is possible. Ob- 
viously, the wide tolerance is the most economical 
to meet. In the cold-forging process, there is always 
a tendency for the material in the shank to forge up 
slightly at a position immediately under the head 
(due to the plastic deformation of the tool and partly 
to ‘ breathing ° of the tool assembly) and, in the case 
of non-extruding dies, at the extreme end of the 
shank where contact with the ejector is made. A 
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closer tolerance than 0-002 in. can be held over the 
range, but special tooling may be required especially 
if the size and shape of the part is abnormal. 

All tolerances should be applied according to 
British Standard conventions. 

Concentricity. In cold forging, concentricity is 
understood to be the variance of one diameter to 
another relative to a common axis. As the punch 
and the die are separately mounted, the achievable 
concentricities are dependent on the clearances of 
the punch slides, the accuracy of the tool making, 
the uracy of setting up and the actual design of 
tn mponent. 
ntricities are best specified as total indicator 

Acceptable T.I.R.s are in the region of 
05 in. at the small end of the scale and 

about 0-020 in. for large-diameter heads 


ities. Deliberately designed eccentricities 
avoided wherever possible. It should be 
{ an easy way to avoid an eccentric form is 
concentric shape and to trim the eccentric 
a subsequent operation. Eccentricities 
related to a centre line of the component 
rtant features, if any, should be carefully 


Unless a particular type of point is 
it is convenient if the point detail is 
Che drawing should indicate that a point 
and thus enable the manufacturer to 
e best point form with regard to the 
uring route. 
ent application. It is of considerable 
f essential surfaces and edges are noted. As 
ners are not produced readily in the cold- 
forging process, drawings should indicate exactly 
where sharp corners are essential. 
A knowledge of the actual application of the 
component materially assists the manufacture of 
the component. 


Final considerations 


Reduction in the amount of waste by forming to 
a shape, or to near-finished dimensions, components 
otherwise made from the bar, not only reduces the 
quantity of material converted to near worthless 
swarf, but also reduces the machining costs. 

Ideally, if the benefits of material economy (and 
thus of cost reduction) are to be maximized, the 
designer must concern himself with some of the less 
obvious factors—for example, accurate stress work 
should be carried out to ensure that the functional 
needs plus the appropriate safety factor, but no 
more, are covered in the design and specifications. 
Insistence on unnecessarily fine tolerances and 
designing abnormal forms where standard ones 
are completely adequate can only result in minimiz- 
ing the benefits. 
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Effect of carbide stringers on the distortion t 
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of die steels during heat treatment 


K. SACHS, PxH.D., M.Sc., A.1.M. 


The causes and mechanism of distortion of die steels during heat treatment, the 
influence of the structure of the steel and in particular the part played by carbide 


stringers, are studted. 


The author is Head of Research Metallurgy Section, 


G.K.N. Group Research Laboratory, Wolverhampton, and his article will be 


continued in future issues 


continued from last month 


THE distortion of a rectangular bar, thin enough to 
harden right through, is illustrated schematically 
in fig. 15. The length of the bar is regarded as 
infinite, the thickness 6 before hardening is con- 
stant, and the change in width a is plotted on the 
abscissa, while the ordinate represents changes in 
volume and in dimensions a and 6 after hardening. 
Thermal stresses promote an approach to a spheri- 
cal shape, 2.e. decrease in width a and an increase 
in thickness 6; the broken lines in fig. 15 show 
that these changes are accentuated the heavier the 
cross-section, 7.e. the greater the width a. 

The volume expansion due to martensite forma- 
tion is superimposed on these dimensional changes. 
At low values of a, the expansion leads to an 
increase in a over the corresponding dimension 
in the annealed condition, but the wider the bar, 
i.e. the greater a, the more the width shrinks 
under thermal stresses so that the composite effect 
of thermal and transformation stresses is a gradual 
fall in the percentage increase in width. When 
the expansion due to martensite formation can no 
longer compensate the shrinkage due to thermal 
stresses, there will be an overall decrease in width. 
The thickness 6, which increases as a result of 
thermal stresses, is increased even further by the 
volume expansion associated with martensite 
formation. 

This process of dimensional change is briefly 
described for a number of other simple shapes, 
which form the basis of most tools and dies, in 
Table 2. Column 2 indicates the changes due to 
thermal stresses. Predictions of the combined 
effect of thermal and transformation stresses are 
made in columns 3 to 7, the various factors likely 
to influence transformation distortion being con- 
sidered separately. Possible measures for increasing 


dimensional stability are indicated in the last 
column. 


The combined action of thermal and trans- 
formation stresses can lead to complicated effects 
which are easier to explain after the event than to 
predict beforehand. For example, marquenching 
is generally believed to lower distortion (dimen- 
sional instability) as well as warping; in fact, this 
depends on the dimensions of the specimen. The 
temperature gradient is reduced and the thermal 
stresses are correspondingly lower in marquenching. 
In some cases this will diminish the compensating 
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15 The combined effects of dimensional changes caused by 
thermal stresses ( and by the volume changes associated 
with martensite formation (\W\\\) for samples of different 
width (a) and constant thickness (b); the steel is hardened 
throughout the thickness (b) (J. Frehser and O. Lowitzer*) 
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16 Flow line 


and dendrites in cross-section of di 1-5 


effect which longitudinal contraction under thermal 
stresses exercises on the expansion on hardening, 
so that the increase in length may be greater after 
marquenching than after oil hardening. 


Distortion due to directional differences in 
expansion characteristics 

A distinction has been drawn between changes 
in volume and distortion; this distinction implies 
that distortion involves dimensional changes which 
are not proportional to overall volume changes. 
It is also possible to distinguish between distortion, 
as defined above, and warping, which implies some 
loss of symmetry and bending or twisting. It has 
been shown in the prev ous section that dimen- 
sional changes will be different in various directions, 
i.e. distortion will occur, as a result of thermal 
stresses alone, even if the material behaves iso- 
tropically. It has been demonstrated, however, 
that tool and die steels with directional alignment 
of carbide particles (stringers) are far from isotropic. 

A practical illustration of this effect is the 
distortion of a ring die (7 in. i.d., 10} in. o.d.) in 
a 2°,, C, 12°, Cr steel. This was found to be 
due to—or was at least attributed to—differences 
in the alignment of dendrites and the directionality 


of the carbides between the surface and centre of 


the cross-section. The macro-structure is shown 
in fig. 16. 

Coarse dendrites are clearly visible. In the 
centre of the section they are oriented in all direc- 
tions, but within about {—} in. of the surface they 
tend to be parallel to the latter and those dendrites 
which remain normal to the surface are short and 
broken up. The ring was machined from a round 
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17 distribution near surface of di¢ 90 


h had been upset by hammer-forging, 

ffect of the hot forging had evidently not 

i very far into the metal. The difference 

the surface layers and the centre is shown 

learly by the distribution of the carbides. 

illustrates the carbides near the surface in 

-section, figs. 18 (a) and (6) those in the 

n both transverse and circumferential 

It is evident that the carbides in the 

iver have been broken up and forced into 

cuon of flow of the metal, while those in 

re have, in large measure, retained their 
dendritic arrangement. 

ihe surfaces of the cross-section corresponding 

to the external and internal diameters of the die 

were examined on a contour microscope, and the 

results are plotted in fig. 19. The points on the 

external diameter show scatter, due to experimental 

error and roughness of the surface, but there is no 

evidence of distortion. In the bore, on the other 

hand, there is a definite bulge near the middle of 

the section. It appears that there is a difference 

in dimensional response to heat treatment between 

material which has been heavily worked and 

material in zones which have remained relatively 

unaffected by hammer forging. The external 

diameter was hammer forged in the early stages of 

manufacture of the billet. The flat surfaces were 


forged when the billet was upset, and it can be 
seen in figs. 16 and 19 that the hammer had more 
effect than the anvil on the structure. 

The bore was machined or trepanned out, so 
that only the surface zones, corresponding to the 
upset faces, were hot-worked, and there was a 
large portion in the centre retaining its coarse, 
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18 Carbide distribution near centre of die 


equiaxed dendritic structure; the differential 
dimensional changes of the surface layers along 
the bore are presumably responsible for the bulge 
in the contour. It can be assumed that the equiaxed 
material will show a slight isotropic expansion as 
a result of heat treatment, while the hammer- 
forged zones will expand in the direction of the 
flow-lines and carbide stringers and contract at 
right angles; this would yield radial expansion 
and circumferential contraction, resulting in severe 
internal stresses leading to distortion which cannot 
easily be predicted, but which in this case produced 
unbalanced circumferential contraction, throwing 
the die out of round 


An account of the mechanism of this anisotropy 
due to carbide stringers has been given by Frehser,'® 
based on extensive and detailed experiments. The 
effect of carbide directionality was studied by 
measuring the change in length on hardening of 
cylindrical specimens cut in different direction 
from cast ingots and forged bars. In cast ingots, 
the specimens showed longitudinal contraction and 
transverse expansion, in direct contrast to the 
effects observed in forged bars; solidification of 
the ingot had formed large columnar crystals with 
radial orientation of carbide lines. Thus, in cast 
ingots as in forged bars, expansion occurs parallel 
to the carbides, contraction at right angles to the 
Stringers. Forging draws the carbides out in the 
direction of the longitudinal axis of the bar, and the 
longitudinal expansion and lateral contraction are 
accentuated by increasing deformation. This is 
exemplified in Table 3, giving experimental results 
selected from the much more detailed tables in 
Frehser’s paper.'® 


491 metal treatment 


and Drop Forging 





TABLE 3 Dimensional changes in cast and forged specimens 
oil-hardened from 950 C. 


Dimensional change in 








Forging " ae 
Deformation Longitudinal Transverse 
As cast 0-081 0-028 
75-8 (core 0-17 0-03 
75-8 (surface 0-11 0-01 
87-5 (core 0-19 
87-5 (surface 0-13 : 
96-9 (core 0-14 - 
96-9 (surface 0-13 


The effect of forging is summarized in fig. 20, 
where longitudinal and transverse dilatations are 
plotted against the percentage deformation. The 
directional effect and its intensification with heavier 
forging is shown in the dimensional changes of 
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16 Flow Iines 


and dendrites in cross-section of dt i-5 


effect which longitudinal contraction under thermal 
stresses exercises on the expansion on hardening, 
so that the increase in length may be greater after 
marquenching than after oil hardening. 


Distortion due to directional differences in 
expansion characteristics 


A distinction has been drawn between changes 
in volume and distortion; this distinction implies 
that distortion involves dimensional changes which 
are not proportional to overall volume changes 
It is also possible to distinguish between distortion, 
as defined above, and warping, which implies some 
loss of symmetry and bending or twisting. It has 
been shown in the previous section that dimen- 
sional changes will be different in various directions, 
i.e. distortion will occur, as a result of thermal 
stresses alone, even if the material behaves iso- 
tropically. It has been demonstrated, however, 
that tool and die steels with directional alignment 
of carbide particles (stringers) are far from isotropic. 

A practical illustration of this effect is the 
distortion of a ring die (7 in. i.d., 10} in. o.d.) in 
a 2°, C, 12°, Cr steel. This was found to be 
due to—or was at least attributed to—differences 
in the alignment of dendrites and the directionality 
of the carbides between the surface and centre of 
the cross-section. The macro-structure is shown 
in fig. 16. 

Coarse dendrites are clearly visible. In the 
centre of the section they are oriented in all direc- 
tions, but within about ?-} in. of the surface they 
tend to be parallel to the latter and those dendrites 
which remain normal to the surface are short and 
broken up. The ring was machined from a round 
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h had been upset by hammer-forging, 

ffect of the hot forging had evidently not 

‘d very far into the metal. The difference 

the surface layers and the centre is shown 

clearly by the distribution of the carbides. 

illustrates the carbides near the surface in 

-section, figs. 18 (a) and (6) those in the 

n both transverse and circumferential 

It is evident that the carbides in the 

layer have been broken up and forced into 

rection of flow of the metal, while those in 

itre have, in large measure, retained their 
dendritic arrangement. 

ihe surfaces of the cross-section correspondi‘:z 

to the external and internal diameters of the die 

were examined on a contour microscope, and the 

results are plotted in fig. 19. The points on the 

external diameter show scatter, due to experimental 

error and roughness of the surface, but there is no 

evidence of distortion. In the bore, on the other 

hand, there is a definite bulge near the middle of 

the section. It appears that there is a difference 

in dimensional response to heat treatment between 

material which has been heavily worked and 

material in zones which have remained relatively 

unaffected by hammer forging. The external 

diameter was hammer forged in the early stages of 

manufacture of the billet. The flat surfaces were 


forged when the billet was upset, and it can be 
seen in figs. 16 and 19 that the hammer had more 
effect than the anvil on the structure. 

The bore was machined or trepanned out, so 
that only the surface zones, corresponding to the 
upset faces, were hot-worked, and there was a 
large portion in the centre retaining its coarse, 
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18 Carbide distribution near centre of die 


equiaxed dendritic structure; the differential 
dimensional changes of the surface layers along 
the bore are presumably responsible for the bulge 
in the contour. It can be assumed that the equiaxed 
material will show a slight isotropic expansion as 
a result of heat treatment, while the hammer- 
forged zones will expand in the direction of the 
flow-lines and carbide stringers and contract at 
right angles; this would yield radial expansion 
and circumferential contraction, resulting in severe 
internal stresses leading to distortion which cannot 
easily be predicted, but which in this case produced 
unbalanced circumferential contraction, throwing 
the die out of round 


An account of the mechanism of this anisotropy 
due to carbide stringers has been given by Frehser,'® 
based on extensive and detailed experiments. The 
effect of carbide directionality was studied by 
measuring the change in length on hardening of 
cylindrical specimens cut in different direction 
from cast ingots and forged bars. In cast ingots, 
the specimens showed longitudinal contraction and 
transverse expansion, in direct contrast to the 
effects observed in forged bars; solidification of 
the ingot had formed large columnar crystals with 
radial orientation of carbide lines. Thus, in cast 
ingots as in forged bars, expansion occurs parallel 
to the carbides, contraction at right angles to the 
Stringers. Forging draws the carbides out in the 
direction of the longitudinal axis of the bar, and the 
longitudinal expansion and lateral contraction are 
accentuated by increasing deformation. This is 
exemplified in Table 3, giving experimental results 
selected from the much more detailed tables in 
Frehser’s paper.’ 





TABLE 3 
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and Drop Forging 


Dimensional changes in cast and forged specimens 


oil-hardened from 950 C. 





Dimensional change in 








Forging ‘jane 
Deformation °, Longitudinal Transverse 
As cast ~ 0-081 0-028 
75-8 (core + 0-17 0-03 
75-8 (surface 0-1 0-01 
87-5 (core + 0-19 -- 
87-5 (surface + 0-13 — 
96-9 (core 0-1 — 
96 9 (surface : a 0-13 ce F — 
The effect of forging is summarized in fig. 20, 


where longitudinal and transverse dilatations are 
plotted against the percentage deformation. The 
directional effect and its intensification with heavier 
forging is shown in the dimensional changes of 
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19 Contour microscope survey of external diameter and bore 


of die 
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21 RIGHT Influence of deformation on 
overall dimensional changes in oil har- 
dening (schematic) ( F. Frehser™ 





20 BELOW Influence of deformation on 
dimensional changes in different directions 
in hardenng a _ high-carbon, /high- 
chromium steel 


7 Frehser' +4 
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rectangular plates in fig. 21. Expansion is less at 
higher hardening temperatures, owing to the 
retention of increasing proportions of austenite. 
Heavy forging converts the lateral change into 
a contraction. 


It is seen from Table 3 that the dimensional 
changes are more pronounced in specimens cut 
from the centre of the forgings than those from 
the surface layers. This is associated with a finer 
carbide distribution at the surface, where the 
carbides have been broken up into smaller aggre- 
gates by forging. As indicated above, the general 
anisotropy is attributed to the directional alignment 
of the carbides. The explanation offered for this 
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to be continued 


ras exhibit at the Building Centre 

s Council’s permanent exhibition at the Building 

Store Street, London, W.C.1, has been com- 
redesigned and is intended to be of interest to 
ts, builders, public authorities and members of 
lic. The new section was officially opened 

by Sir Basil Spence, R.A., R.D.I., P.P., R.1.B.A., 
nry Jones, M.B.E., chairman of the Gas Council, 
r Alfred Hurst, K.B.E., C.B., were also present and 
vort addresses. 

cial feature of the exhibition is a section devoted 
se heating by gas, in which examples of small-bore 

ral heating and warmed-air heating installations are 

shown. Other features include a display of modern gas 
domestic appliances—cookers, water heaters, refrigerators, 
home laundry equipment, convector room heaters and 
coke-fired heaters and boilers. 


J 


Coating helps cold extrusion of titanium 

Titanium metal coated with a  fluoride-phosphate 
coating and lubricated with a solid film lubricant has suc- 
cessfully been cold extruded into wire and tubing by 
A. M. Sabroff and P. D. Frost, of Battelle Memorial 
Institute’s Light Metals Division, Ohio, U.S.A. 

Though cold extrusion is widely used in the forming 
of steel and certain other metals, the process has been 
applied little, if at all, in the production of titanium pro- 
ducts, according to Sabroff and Frost. They say fabrica- 
tion of titanium by cold extrusion has probably been 
retarded most by the inability to achieve a satisfactory 
surface finish on the metal. 

The new coating imparts a good surface finish to the 
metal and acts as a lubricant retainer. It is applied by 


immersing titanium in a fluoride-phosphate bath operated 
at room temperature. The solid film lubricant used in the 
extrusion technique is a self-drying, gum-resin mixture 
containing graphite and molybdenum disulphide. 
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Practical and economic problems of 


machining cavities by spark-erosion 


W. ULLMANN, Dipl.-Eng. E.T.H., Locarno, and T. G. TKAUBE, Dipl.-Ing. E.T.H., Locarno 


During recent years, the practice of machining moulds and dies by the spark-eroston 
method has come more and more to the fore. Some of the requirements which have 
had to be met to make the development of this method possible are summarized 


and the economic factors discussed. 


The authors are both with the Agie Co., 


Locarno, Switzerland—thanks are due to the company for their courtesy in providing 
photographs. Agie Co. is represented in the U.K. by Vaughan Associates Ltd., 
4 Queen Street, London, W.1 


THE MACHININ‘ perforations and cavities was 
originally the main field of application for spark- 
erosive machine tools. This method was adopted 
either because, some reason, the form was 
complicated to chine, or because difficulties 
arose due to the ial material itself. Alterations 
in the metallurg structure of hardened cutting 
dies and similar t are part of the latter problem. 
Dependent on the quality of the spark-erosive 
machine tool employed for the purpose, operations 
of this kind may, or may not, result in the production 
of tools which can be considered ready for practical 
use; if they are made on machines which are not up 
to the highest technical standards, it may become 
necessary to allow for a subsequent finish-machining 
operation. 

However, during recent years, the practice of 
machining moulds and dies by the spark-erosion 
method has come more and more to the fore. In 
the near future, probably as many machines will be 
engaged in the machining of dies and moulds as in 
all other fields of application put together. This 
development has only been possible due to the 
fulfilment of certain specific requirements which 
can be summarized as follows without any claim 
being made that the list is complete: 

1. Adequate erosion rates on machines utilized for 
the production of large-size dies. 

Under this heading it can be stated that for about 
the past two years a race has been in progress 
between some manufacturers with the object of 
being able to claim the highest possible erosion rates 
for their machines. These very high erosion rates 
should be accepted with caution, because: (a) In 
certain circumstances, very high erosion rates can 
cause such far-reaching metallurgical and struc- 


tural changes, or at the very least lead to such high 
surface-roughness values, that the times required 
for finishing are increased to an extent which 
renders any gain due to shorter roughing times 
illusory. 

(6) High erosion rates cease to be practicable if 
the machine applied for the job does not have the 
requisite stability. This question will be dealt with 
later. However, in this respect the user of spark- 
erosion machine tools can fall into the same errors 
as, for example, a manufacturer who makes use of 
carbide cutting tools on unsuitable machines, with 
the result that these have an even shorter life than 
steel tools. 

2. Even greater care should be devoted to a 
low electrode wear than to the erosion rate. The 
actual saving in electrode material is perhaps of 
minor importance, although this does frequently 
also play a part; what is more important, however, 
is that: (a) changing the electrodes too often in- 
creases the proportion of idle time, and it is in paid 
working hours in particular that savings are to be 
achieved, thanks to spark-erosion machine tools; 
and (6) an excessive wear on the electrodes, even 
when considerable numbers of them are utilized, 
will give rise to difficulties when machining precision 
dies, finely engraved forms, and forms with sharp 
edges. 

3. The latter problems in particular have recently 
brought a further aspect to the forefront: the 
possibility of varying the spark gap and of working 
with a small gap. For a first approximation, the 
following equation applies: 


L, = f (M?,, V,. 


* «Js 


t.e., the length of the spark L, is influenced by 
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1 Oscillating head for Agietron machine tool 


the pairing of cathode and anode material (work- 
piece and electrode material) that is, in practical jobs 
given fixed parameters, and the working voltage V 
Additional parameters have only a_ secondary 
influence. 

On the other hand, the formula 


Erosion rate PF gk 


applies, which means that the erosion rate is also a 
function of the working voltage V. 

When designing the generator, there is then the 
problem of achieving effective erosion values for 
finishing, with a low working voltage. The rest is 
then a question of operational technique, that is the 
selection of roughing and finishing settings when 
working and the appropriate undersize of the 
electrodes. 

Now this, in turn, presupposes that: 

4. There are adequate facilities for fine adjustment 
on the spark-erosive machine tools. The main 
parameters (/, U and C) must, therefore, be capable 
of individual adjustment and widely variable. 

5. A fine control for the feed is, of course, an 
essential prerequisite. This is especially important 
when complicated dies without perforation (tre- 
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panning) are to be machined with correspondingly 
unfavourable flushing conditions, as otherwise the 
resultant down times are far too high. The problem 
is not solved by the fine contro] alone, however: 

6. As the flushing must be supported by mechani- 
a) This can best be achieved by suitable 


Cai ins: 


oscillating heads (fig. 1), the design of which is 
most exacting. They must not be sensitive to 
variation in the weight of the electrode when dis- 
similar jobs are being machined, must offer the best 
possible facilities for chucking and ensure that the 
alignment 1s absolutely true. 

\trachments which bring about a withdrawal 
of the electrode at constant time intervals cannot 
repla igh-frequency pumping and suction of 
oscillating heads. With the former, optimum con- 
dit > spark gap prevail during all too short 


f the effective operating time. 
er, flushing in the gap can be carried 
untage through the electrode or hori- 
means of jets, depending on the problem 

t me. 
iowever, these expedients have a practical 
if the work is carried out with adequate 
of dilute dielectric fluid. 

as already been mentioned, one of the 
ortant problems in the machining of dies 
ds is probably the rigidity and precision of 
| machine tool itself. There are many jobs 


2 Agietron 
machine tool 
BL 6 
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in drop-forging establishments for which the 
maintenance of close tolerances is not demanded, 
but, despite this, the constructional rigidity of the 
machine is of vital importance. Experience has 
shown that two machines which can be applied to 
advantage in drop-forging plants are the AGIETRON 
BL 6 machine tool (fig. 2), and the AGIETRON BQ 12 
machine tool (fig. 3). 

The more important technical data of these 
machines are given in Tables | and 2. 


TABLE 1 AGIETRON type BQ 12 











Machine tool Inches 

Height i n ; 7 117 
Width 7 4 44 
Depth a ‘ ; 96 
Clamping surface . , 17 x 4 
Slide movement od } 19-5 x 27-5 
Universal bore head: 

Way of coarse adjustment 16-5 

Automatic movement of quill . 14 

Total vertical movement A 30°5 
Net weight approx. 4 t. 





Generator: 


Maximum power input .. _ approx. 12 kW. 





Stock removal and surface quality: 


Maximum stock removal: Cu/steel more than -12 
cu. in. 2 cm.*'min. (7-2 cu. in./h.), wear of 
electrode less than 10 

Best surface quality obtained: 12 yin. (r.m.s.) 





3 Agietron 
machine tool 


BQ 12 
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4 Machine base, inside view showing ribbed cast iron structure 


TABLE 2 AGIETRON type BL 6 


Machine tool 








Inches 

Height : , a 104 
Width , 32 
Depth “a 82 
Clamping surface . 13-5 x 23-5 
Slide movement : ; 19 15 
Universal bore head: 

Way of coarse adjustment 10 

Automatic movement of quill 9-5 

Total vertical movement 19-5 
Net weight , approx. 2-5 t. 








Generator 
Maximum power input approx. 6 kW 
Stock removal and surface quality 


Maximum stock removal: Cu steel more than -06 
cu. in 1,000 mm.’ min 3-6 cu. in./h.), cor- 
respondent wear of electrode less than 10 

Best surface obtained: 12 win. (r.m.s. 


These machines are constructed and handed over 
for acceptance with tolerances similar to those of 
jig-borers. The beds (fig. 4) and columns of the 
machines are of heavy, ribbed cast iron, with all 
stresses removed: the design of these machines is, 
therefore, similar to that of high-precision column- 
type boring machines for conventional machining. 
This may seem paradoxical in view of the fact 
that no actual machining forces are exerted during 
spark-erosion, but it has nevertheless proved 
essential for the following reasons: 


(a) During roughing, erosion rates can be applied 
which may be as much as the second or third power 
of the finishing rates. As is known, it is generally 
necessary for erosion to be carried out with more 
than one electrode. Now, if a slight inaccuracy in 
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5 Forging die for adjustable spanner, high-temperature steel 





6 Die for silver-ware, die steel 


positioning should occur when changing the elec- 
trodes, even if this is only in the order of 0:01 mm., 
which in itself is a very small displacement, it may 
under certain circumstances entail the additional 
erosion of thousands of cubic millimetres when 
finishing, thus causing the total machining time to 
rise enormously. 

(6) Although no machining forces occur, the 
electrical discharges are known to be accompanied 
by powerful waves, which are of high frequency 
corresponding to the spark frequency) and which 
can under certain conditions cause not only the 
electrode to vibrate, but the whole body of the 
machine as well. The former is particularly 
troublesome when machining relatively flat forms 
with at least one major dimension, as, for example, 
in the following specimens (figs. 5 and 6). 

With forms of this type there is some danger of 
electrode flutter, although the risk of this occurring 
is reduced for compact forms as in fig. 7: even so, 
the entire system machine-electrode-workpiece may 
be set in vibration. The effects of both eventualities, 
electrode flutter and vibrations in the entire system 
must be clearly understood. 

The primary requirement for economic operation 








lie for alumimium tubes, hardened steel 


is the maintenance of an optimum spark gap. 
Flutter and vibration will continually alter this 
distance which, according to the operating level 
selected, is of the order of less 1 10 (roughing) up to 
less 1100 mm. (finishing), so that the correct 
erosion merely takes place during a fraction of the 
time. It is also known that selected operating levels 
only become applicable and efficient when a critical 
electrode surface is exceeded and is in operation, 
that is to say, in shop parlance, when it is * loaded.’ 
When flutter or vibration occur, only part of the 
electrode surface will be ‘ loaded,’ so that at the best 
energy is lost and at the worst no erosion takes place 
at all. 

Unfavourable conditions such as this can result 
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9 Heading die, hardened steel 


10 Die for nails, hardened steel or tungsten carbide 


in the normal machining times being multiplied 
considerably. Only the design of the machine offers 
any safeguard against this. Even the best chucking 
and electrode-holding attachments alone are of little 
use. 

Assuming that all these conditions are fulfilled, it 
can be stated that almost any die can be flawlessly 
machined from a technical point of view. It is 
known that spark-erosion machine tools designed in 
the light of present-day technical requirements do 





11 Mould for alarm-clock housing, hardened steel 





12 Plastic mould for bevel gear 


achieve sufficiently good surface qualities. 


In any 
event, an adequately small depth of roughness can 
be attained, whereby in certain cases a brief re- 
polishing may be required merely for appearances’ 
sake: not in the sense of smoothing, but rather with 
the object of achieving a gloss or an easily obtainable 


modification of the surface structure. This only 
becomes necessary when glossy components are to 
be produced by means of glossy moulds. 

This merely leaves the economic side of the 
problem to be investigated. With the exception of 
border-line cases (fig. 8) where work can be carried 
out with a single electrode, several electrodes are 
required for machining dies. Leaving aside the 
most simple problems to be examined, conventional 
methods being reserved for these anyhow, the point 
at issue is an economic investigation of testing the 
possibilities of an economic electrode production 
which will be simplified by means of the following 
classification : 
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demands for accuracy are stipulated, this material 
can be machined with the greatest ease. 

Copper is the material usually employed, it being 
possible to re-machine this or utilize it for smaller 
dimensions, so that the procurement of electrodes 
can almost be ignored when making cost calcula- 
tions. 

2. Certain forging dies are so complicated that 
one-off production of electrodes is without doubt 
justifiable from an economic point of view. Two 
typical examples (figs. 11 and 12) illustrate this. 
Fig. 11 shows a tool on which for optical reasons 
high demands are made in respect of sharp, clean 
“ . edges and evenness of the through-shaped surfaces. 

i Bate The use of conventional methods offers an oppor- 





tunity of milling the work, involving very lengthy 

finishing by hand, without any assurance of a clean- 

13 Forging die for turbine blades, high-temperature stee! cut appearance. Machining even several (three) con- 
vex s! ; in copper offers unmistakable advantage. 


1 


cample illustrated in fig. 12 hardly requires 

con It is incomparably more economical to 
three pinions in copper on the outside 
oduce the negative mould of a taper pinion. 
il examples such as these are, moreover, 
irly common among moulds for plastics. 

en a master mould 1s in extsience from which 
can be produced. This was by far the most 

1 occurrence and of particular importance 
forging and hot pressing shops, and is 
for: (a) the production of spares, and 
)ditioning worn dies. 

ire becoming more and more widely used 

ir try, the importance of the reconditioning 

“ an be effected on hardened dies having not 





14 Press mould for glass 


Economic electrode production 

1. There are some forging dies which are so 
straightforward that the procurement of electrode 
material presents no difficulties. 

Two typical examples (figs. 9 and 10) show that in 
cases such as these, round or profile material avail- 


15 Mould for 
doll arm 


UPPER RIGHT, 
Celluloid 





model 
able from stock or in ordinary commercial use is aie dime. 
normally employed, which either requires no Case diecgnade 
additional machining at all, or merely simple BELOW, 
pointing and turning of the phase. If higher Mould 





0 : december, 1960 499 metal treatment 
and Drop Forging 








al become generally accepted until recent years. More 
and more drop-forging works are adopting the 
1g practice of leaving a die in operation for fewer blows 
er than previously, before the damage becomes too 
es great and cracks penetrate too deeply, and recon- 
a- ' ditioning it relatively quickly by erosion. The total 
} yield from a die block can be increased considerably 
at : in this manner. Easily machined burred surfaces 
bt : are ground, complicated offset ones can as well be 
vO ' reconditioned by erosion, which may necessitate 
is. ' the application of a special technique in which the 
ns | entire surface is roughed with large-size electrodes, 
an whereas the actual engraving is, however, finish- 
2s, / machined with chamfered electrodes. 
r- The technique of electrode production is im- 
hy ' portant and the special skill required must be 
n- i acquired. These problems can today be regarded 
n- ' as solved if the correct method is selected and the 
ze. i works are willing to take the trouble to learn the 17a Casting die for motor housing 
“es ; tricks of shop production. The following methods 
to may be utilized: 
de ' (a) Electrcde forging usually out of electrolytic 
yn. copper. In this method the shrinkage can today be 
er. controlled to such an extent that even tools for 
precision forging (see fig. 13) can be flawlessly 
ich machined. Thus the easier problems present no 
ost difficulties. 
ice (6) Electrode extruston, assuming that the works 
is in question—a drop forge for instance—has suitable 
nd presses at its disposal. If this is the case, extrusion 
is a preferable method to forging, particularly when 
sed the engravings are complicated, sharply angled and 
ing stepped, when the volumes within the engraving are 
10t distributed unevenly, or in cases where engravings 
occur mainly on the vertical walls of the die. 
Fig. 14 illustrates a typical instance in which 
extrusion is a superior method to forging, and in 
which extrusion has been carried out with a centre 17b Copper electrode manufactured by metal-spraying 
arbor so as to obtain a good radial displacement of ?7°°**S 
the material. 
(c) Electrode casting in gunmetal is only to be 
16 Forging die for plier recommended for less-accurate forms, in which 
eventually cast electrodes serve for the roughing 
processes and finishing is carried out with an 
electrode of better quality. Fig. 15 illustrates a 
typical case in which this method is adequate. 

(d) Metal-sprayed electrodes (today, most recom- 
mended for drop forging dies and moulds) in the 
past had not been very homogeneous, so that they 
gave a low degree of accuracy and surfaces of 

for average quality with extremely high wear. The 
development of this method has been a quick one 
HT, during these last times. New, improved injection 
plants have been developed, with the result that 
sprayed electrodes may be used with practically the 
a same or better result than forged and extruded ones. 


They can be obtained spraying into a cavity or 
starting from a positive model, thus opening new 
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21 Die for pressure casting for furniture mounting. LEFT TO 
RIGHT, Model, plasticform, electrodes die finished by 
shart ’ n 





22a r connection rod 





18 Punch for needle die, hardened steel or tungsten carbide 


¢€) 22b Female die and metal-sprayed electrode 


fields of application for spark erosion (figs. 16 
and 17). 





19 Die for typewriter characters, tungsten carbide 

e) Form sintered electrodes. Outstanding results 
are achieved with these. For the time being, 
however, their application should be restricted to 
works in possession of suitable plant and experience. 

According to circumstances all these electrodes 
may be undersize, that is to say, either etched down 
or filed, or not. The increased size of the die by 
amount of spark gap is practically always well 
within the permissible tolerances. Should this not 
be the case, this will necessitate the 

4. Production of electrodes in a specially machined 
master die. 

This procedure must, for example, be adopted for 
. _ re the production of high-precision tools for the needle 
20 Electrodes made by electroforming ToP, Holder ’ : 
ballpen. BELOW, LEFT TO RIGHT, Plastic teeth, toy car, industry (fig. 18 and—unless other methods are 
perfume bottle chosen—for the production to tools for typewriter 
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components (fig. 19). Although not necessarily for 
reasons of accuracy, this method can frequently be 
recommended for multiple moulds as well. 

The following problem represents a special case: 

5. Production of electrodes commencing from a 
pattern, when the one-off production of the elec- 
trodes has to be discarded for economic reasons, and 
no initial or master mould is available. In this case, 
excellent results have been obtained with the 
galvano-plastic method (electroforming). Fig. 20 
illustrates a number of accurate, rigid electroformed 
electrodes which have good surfaces. 

An idea of the process can be obtained from 
fig. 21. A plastic mould is made from a pattern in a 
suitable shrink-resisting, cold-straining material, 
which produces surfaces having a smoothness com- 
parable to glass. The latter are made conductive 
with graphite or special lacquers and the castings 
that is concave moulds) are placed in the copper 
bath. By this process electrodes with a wall thick- 
ness of up to 8 mm. can be produced. 

Metal spraying enables industries with bigger dies 
and moulds to follow a similar, very economic pat- 
tern. It is not only possible to spray copper elec- 
trodes into a master. A technique has been 
developed to start from a positive master (model of 
the piece in wood, plaster, plastic or metal) over 
which a provisional mould of zinc is sprayed. The 
zinc moulds are used for the spraying of copper 
electrodes (fig. 22). 

The combination of these techniques with the 
electro-erosion machining of dies represents a 
revolution in the manufacture of dies and moulds, a 
die ready for use being produced direct from the 
pattern by means of a galvanizing plant or metal 
spraying and by spark-erosion machines which 
operate automatically except for the changing of 
electrodes, without the services of a diemaker being 
required. 

One should, however, not permit oneself to be 
led astray by this apparently effortless process. A 

ommand of the operational technique and ‘ know- 
10w ’ remain essential prerequisites. An analysis 
must be made of the applications of this interesting 
method from technical and economic aspects of 
machining dies. When electrodes are produced, 
consideration must be given to the selection of 
electrode material, methods of production and 
checking, which must facilitate the exchange of 
accurately adjusted electrodes; and the appropriate 
equipment—usually simple—must be available. 
Then there remain the actual problems of how to 
operate with the machine—the determination of 
electrode undersize and the selection of steps. 

The know-how—the operating technique—is, 
therefore, concentrated on preliminary preparation 
for the job—a not uncommon trend of the day. The 
time of high-grade technical staff need, however, no 
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Steel for sub-zero temperatures 


‘ Operation Cryogenics’ was the name given to a full- 
scale test of a new alloy steel developed by the Inter- 
national Nickel Co. Inc. for the storage and handling of 
liquids at very low temperatures. 

It is known that many steels, although tough and 
strong at room temperatures, become excessively brittle 
when cooled to sub-zero temperatures. It is also known 
that the presence of nickel greatly improves the toughness 
of steels down to temperatures as low as —200°C 

The rapid increase in the use of liquefied gases like 
oxygen, nitrogen and methane, involving service tem- 
peratures of the order of -200°C., has quickly focused 
attention upon the need for materials for handling them 
with safety and economy. 

The newly developed 9°,, Ni alloy steel has passed all 
the laboratory tests but, as a practical demonstration of 
its suitability, three companies joined in organizing 
a full-scale experiment which involved: 

1) Subjecting a welded rectangular tank, similar in 
design to those that would be used to transport methane 
in sca going tankers, to repeated blows, up to and slightly 
exceeding 80,000 ft. Ib., from a 2-ton steel ball. In this 
test, liquid nitrogen was pumped into the tank to cool 
it to -196 C 

2) Subjecting a 4 by 13 ft. cylindrical tank, similar in 
design to one which would be used for land-based storage 
or transportation of liquid gases, to a pressure several 
times greater than its designed strength and then pres- 
surizing to failure to enable the type of fracture to be 
examined. 

The three co-operating companies were the Inter- 
national Nickel Co. Inc., the Chicago Bridge & Iron Co 
and the United States Steel Corporation, all of whom 
see a big potential market for 9"°,, nickel steel. Tonnage 
oxygen plants are being installed in increasing numbers 
near steelworks and other industrial plants and there is 
a promising market underlying the liquefaction and sale 
of some of the billions of cubic feet of methane flared-off 
and wasted at oil and petroleum fields throughout the 
world. The volume of this gas when liquefied at —-157°C 
is reduced by 600 times and transportation in special 
tankers for very long distances, for example, U.S.A. to 
Europe, becomes an attractive proposition. The economics 
of the liquid gas market demand that the tankers must be 
built from a safe and relatively low-cost material which 
is commercially available and readily welded 


A B Nystrém & Matthey 


Johnson, Matthey & Co. Ltd. have acquired a controlling 
interest in the Swedish precious-metal company A/B 
Gésta Nystrém of Stockholm Mr. Gdésta Nystrom, 
who founded the business in 1917, has retired and a new 
board has been appointed consisting of four Swedish 
and two British directors, with Mr. Ove Trulsson as 
chairman 

A B Gésta Nystrém supply precious-metal products for 
all industrial purposes as well as for jewellery, silver- 
smithing and dental requirements. Since 1932 they have 
acted as agents in Sweden for some of the products of 
Johnson Matthey. The company will in future be known 
as A B Nystrom & Matthey 


longer be dissipated in hours of machining work 
and finishing by hand if the conditions of which 
mention has been made initially are fulfilled. A 
suitable spark-erosive machine tool then offers the 
perfect solution from a technical and economic point 
of view for a large number of operating problems. 
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Abstracts from the Russian forging journal — 
Kuznechno - Shtampovochnoe Protzvodstvo, May, 
1960, 2. This ts the second year of this journal 
devoted specifically to forging. Abstracts of the more 
important articles are given in METAL TREATMEN1 
each month. 

Choice of the optimum bite during cogging under 

plain tools. A.1. ROGOV. Pp. 1-3. 
During free forging it is most important to deter- 
mine the optimum bite for which the minimum 
number of blows of the hammer or strokes of the 
press will be needed to produce the required 
dimensions of the cross-section of the forging 
Formulae are derived for calculation of the bite, 
and examples are given of its calculation for square 
and round billets. 

Compression of tubes in a split die. 

Pp. 3-6. 
An examination is made of the states of stresses 
and deformations in the wall of the tube and the 
action of frictional forces during compression in 
a split die. The compression factor is found to be 
dependent on the ratio of the tube wall thickness 
to the tube diameter. 

Fixing the tolerances for forgings subjected t 

rough machining before heat treatment. V. A. AFON- 
CHIKOV and G. I. KOzIS. Pp. 7-9. 
Forging tolerances on forgings to be rough machined 
before heat treatment are compared with those 
fully machined only after heat treatment. Rough 
machining before heat treatment and later final 
machining is recommended. 

A semi-automatic slide gauge for measuring the 
diameters of forgings on presses. ©. D. BYCHKOV. 
Pp. 9-14. 

Technical lubricants for stamping thin sheet steel. 
A. V. KOROLEV and I. V. PODLUZHNAYA. Pp. 14-17. 
Tests were carried out to determine the ability of 
lubricants to create a strong and stable lubricating 
film during cold stamping. Varying amounts of 
talc were added to gun oil and a content of 60 
by weight of talc produced the best results. Alumi- 
nium and oxides of Cr, Zn, Ni and Fe were also 
used as additions, and lubricants with an addition 
of nickel oxide had the greatest stability. The 
lubricants to which talc and nickel oxide were 
added required lower forces to produce slip be- 
tween the plates on the test apparatus than lubri- 
cants in current use at automobile works. The 
latter were found to contain minute hard particles 
of silica causing abrasive wear on the tool. Lubri- 


V. N. FROLOV. 


cants with added talc may be successfully used for 
hot stamping also. 
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N technological upsetting processes at the 
S mormal works. 1. A. NOVIKOV. Pp. 17-21. 
Comparisons are made of the operation of imported 
pr Petzer and Gateburg). 


if the temperature range for forging and 
arbon steels. B. F. TRAKHTENBERG. Pp. 


horizontal hydraulic tube profiling press. 
Pp. 27-31. 


\ POV 


A mn (metric) extrusion press for steel tubes 
is d i in detail. 

in National hot stamping, crank drive 
pr i comparison of these presses with those of 
ther f m firms. A. A. IGNATOV. Pp. 31-38. 
Mi ns to National presses are described and 


t es are assessed by comparison with other 
oduced in the Western World. 

e of a controlled drive in crank presses. 

KOVICH and A. K. MEL’NIKOV. Pp. 38-41. 

ive control] mechanisms employed in 

Germany and other countries are described. 

trength of the connecting rods of forging 

B. V. IVANOV and K. V. SEMENOV. Pp. 


auges were used to measure the stresses 
n the rods from the blow of the hammer, 
nine the causes of fracture from the oscillo- 


‘btained. A rigid coupling between the 
ting rod and the hammer head increases the 
f the rod. 
Friction in the grooves of a disc brake. G. E. 
BRENEV. P. 44. 


A simplified method is outlined for calculation of 
the clamp force, taking into account friction in the 
grooves, for disc brakes of crankdrive presses. 

Bending of conical components in a vertical press. 
P. G. SHISHLAKOV. Pp. 45-46. 

A new development in the fastening of blanking dies. 
P. M. PAVLOVICH. P. 46. 

A description is given of a universal unit for setting 
and fastening the ram and dies of blanking presses. 

A countersink in dies. \. 1. VEGNER. P. 47. 

Die designs are given for producing countersinks 
simultaneously with other press operations. 

Hot stamping of components of large dimensions 
with the use of backing plates. A. A. LYUBCHENKO 
and N. T. ARISTARKHOV. Pp. 47-48. 

The use of these plates is outlined for the stamping 
of covers of pressure vessels, etc. 


An apparatus for extraction of components ( from 
the die) during stamping. §. M. GIL’DINSON. P. 49. 
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Fatigue breakdowns in carbon steels 


MIRKO KLESNIL 


The article contains the results of research into the development of breakdowns in 
cohesion caused by fatigue in carbon steels with varying carbon contents after 
annealing. A study was made of hardening, and tensometers were used to measure 
the amplitude of the deformation and stress. At the same time the changes in the 
grain structure were studied by X-ray diffractography. In the elastically plastic 
zone, hardening is pronounced; in the phenomenologically elastic zone, which 
covers almost the whole course of the W ohler curve, no hardening was established 
In the elastic zone during loading above the fatigue limit, X-ray analysis revealed 
only inconsiderable changes in certain reflections. These phenomena occur up to a 
certain number of cycles, are not connected with fragmentation tn the sense of static 
loading, and are depicted by areas of disintegrated ferrite. Optical and electron 
microscopy showed that these areas, which are represented by persistent slip tands, 
occur on the surface of a specimen in the deformation relief of the slip tands. If 
these bands attain critical dimensions, a microscopic crack will form in them, which 
expands, under the action of the high concentration of stresses, through the basic 


metallic component, and leads in the final stage to fracture of the specimen. Thi 


work was first reported in ‘ Hutnické Listy,’ 
Laboratory for the Study of the Properti 


of Sciences in Brno 


BREAKDOWN OF THE COHESION of metals through 
fatigue has already been known for over a hundred 
years. Nevertheless there exist a series of funda- 
mental problems which have not hitherto been 
solved in this sphere of the strength of metals. At 


the present time these problems, which are one of 


the first steps towards fulfilling the requirements of 

momic construction, acquire exceptional im- 
portance. Practice likewise shows that the calcula- 
tion of structural components cannot henceforth 
rest solely on a number of results obtained by 
conventional experiments. For such calculation it 
is necessary to be in command of the hitherto un- 


recorded influences of the shape, size, state of 


stresses, structure, etc. Apart from this it is 
necessary to choose such materials and such 
methods of treating them, as will suitably conform 
to the required production conditions. 

The solution of these tasks, if we are to arrive at 
generally valid conclusions, must rest on data of the 
physical nature of the fatigue processes. In this 
way it is possible to arrive at true bases for the 
choice of a suitable material, its thermal and thermo- 
chemical treatment, and mechanical working. At 


1960, (2). The author is at the 
f Metals of the Czechoslovak Academy 


the same time this road presents the only method by 
which to create for the mechanism of breakdown by 
fatigue, a model whose mathematical-statistical 
calculation can lead to a general solution which will 
express the strength conditions in relation to many 
of the factors mentioned above. 

This work reports briefly on fatigue processes in 
carbon steels with various carbon contents, heat 
treated by annealing. This is part of a research task 
of the Laboratory for the Study of the Properties of 
Metals of the Czechoslovak Academy of Sciences 
in Brno. 


Material and method of testing 

Specimens were produced from normalized steels 
to specifications CSN 12010 (0-09°,, C), csw 12040 
(0-4°,, C) and csn 19152 (0-8%,, C). After prepara- 
tion, some specimens (fig. 1) were annealed in vacuo 
at a temperature of 600°C. for complete removal of 
internal stress which might arise during working; 
these were intended for the metallographic study 
and investigation of the fracture surfaces. The 
specimens which were intended for measurement 
of the degree of hardening and for X-ray study 
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1 Shape of an experimental specimen for metallographic 
investigation of changes in the structure and the form of the 
fracture surfaces 
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2 Shape of an experimental 
of the hardening and X-ray 
the structure 


specimen for measurement 
observation of changes in 


fig. 2) were annealed im vacuo at a temperature of 
950°C. with subsequent free cooling in the furnace; 
by this treatment a suitable dimension of the 
metallographic grain was obtained. The specimens 
were loaded symmetrically with an alternating cycle 
of bending stresses by means of a spring dynamo- 
meter with a variable amplitude of the deflection on 
an experimental device of our own construction. 
The experiments were conducted at normal tem- 
perature without cooling the specimen. 

The Wohler curves for all the types of steels 
studied are given in fig. 3. The fatigue limit of 
CSN 12010 steel is 19 kg. mm.’, of csN 12040 

25:5 kg. mm.?* and of csN 19152 + 31-5kg. mm.’ 

The actual tests consisted of cyclic loading of the 
specimens, one surface of which was mechanically 
polished and chemically etched in preparation for 
metallographic observation, and their metallographic 
and X-ray investigation in various stages of loading, 
with simultaneous measurement of the amplitudes 
of the stress and the deformation. The tests were 
supplemented by the results of a study of the 
fracture surfaces. 

The changes in the structure were metallo- 
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graphically investigated in a Zeiss-Neophot optical 
microscope and in a table-type, electron microscope 
of Czechoslovak manufacture. The method of 
preparation of two-stage replicas with positive and 
negative shadowing for observation of a selected 
area in various phases of loading has already been 
described by Moilcik and Klesnil. The X-ray 
examination was carried out by the back reflection 
method. Filtered radiation from a cobalt anode 
was used. 

For the measurement of the amplitude of the 
str znd the deformation use was made of 
ten ter recordings. The bridge was compen- 


sated means of a cathode ray oscillograph to 
obtai sher accuracy in reading off the values. 
Hardening and change in the structure of the 
stee! during oscillating loading 
study of hardening and changés in the 
str ise was made of specimens (fig. 2) 
pr from steel csN 12010. It should be 
| that the first traces of permanent 
rmation in the external fibres were found 
irement up to a stress o¢9= 28:0 kg./mm.* 
hear stress was found to be 21 -5 kg./mm.?, 
wn that the value of o¢o is a function of 
radient. From what has been indicated 
hat stress amplitudes at the fatigue limit 
ind it lie within the phenomenologically 
elast ic. At applied cyclic loadings of o, = 
25:0 and + 27-0 kg./mm.’, no change 
in iplitude of the stress or the deformation 
v red. We can, therefore, assume that the 
whole range of the time-dependent fatigue limit is 
characterized by alternating deformation taking 
place without hardening. 
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3 Wohler curves of the steels used: oa 


4 applied stress; 
N number of cycles 








owe eee 


TETRA Tere 








seme ROR ae 


december, 1960 505 


Hardening of the steels was recorded only at 
amplitudes of the stress exceeding the shear limit 
of the outer fibres. In this instance at the selected 
amplitude of deflection of the spring dynamometer, 
the effect of hardening was manifested by a growth 
in the ampiitude of the stress and a drop in the 
amplitude of the deformation. Three amplitudes 
of deflection of the spring dynamometer were 
chosen, which led to three maximum amplitudes of 
the stress on completion of hardening, namely 
Sa max. yf 31 45, 33-6 and 36-1 kg. mm.? 
The changes in the amplitudes of the stress in 
relation to the number of cycles are shown in fig. 4. 

Hardening, which is at its maximum intensity 
during the first cycles of loading, later decreases, and 
is complete after 300, 440 and 550 cycles. With the 
decreasing amplitude of the stress there is an 
increase in the period within which hardening of the 
metal proceeds. It was measured on the one hand 
ijuring gradual loading (static period—designation 
%y a point), and on the other hand during loading 
vith a frequency of 150 applications of load/min. 
designation by a triangle). During loading with a 
frequency of 150 cycles min. somewhat lower values 
were reached than during gradual loading (fig. 4). 

These relationships show that the extent of the 
plastic deformation, in consequence of which 
hardening is manifested, is dependent on the rate 
of application of load. What has been shown is in 
agreement with the results cf Bullen, Head and 
Wood,? who showed by means of X-rays on pure 
copper that the rate of fragmentation of the grains 
at a chosen amplitude of the stress is a function of 
the frequency of loading. 

From fig. 4 it is evident that the rate of hardening 
decreases with the reduction in the amplitude of the 
stress, and at an amplitude of 27:0 kg.mm.? 
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4 Change in the amplitude of the stress in relation to the 
number of cycles during hardening of steel CSN 12010: 
Oa = applied stress; N = number of cycles 





metal treatment 
and Drop Forging 


hardening was no longer recorded, despite the fact 
that even after a very small number of cycles 
(N = 10°) fatigue slip bands occur on the polished 
surface of the specimen.* One of the basic features 
of the fatigue of steel is the occurrence of alternating 
plastic deformation without measurable hardening 
even in the zone of the time-dependent fatigue limit. 

The results of the X-ray study completely confirm 
this assertion. Fig. 5 (a) shows that at the fatigue 
limit even after a high number of cycles no notice- 
abie changes occur in the internal structure of the 
ferritic grains. But it must be called to mind that, 
even at a stress about 15°,, below the fatigue limit, 
at a higher number of cycles traces of alternating 
plastic deformation are apparent in some grains. 
Even at an applied stress o, 25-0 kg./mm.? 
after a number of cycles of 10* it would be only 
scarcely possible to conclude the occurrence of 
indistinct changes in the internal structure of 
certain grains. At this stage the specimen was 
already covered with slip bands, which once again 
indicates the concept of homogeneous, alternating 
slip, taking place without hardening of the ferritic 
component. 

In fig. 5 is an X-ray microgram at the same 
amplitude of stress after a number of cycles of 10°. 
At this stage certain reflections are diffusely mani- 
fested. This phenomenon is not a direct con- 
sequence of the inhomogeneous deformation, but of 
the formation of disintegrated zones of ferrite, 
represented on the surface by persistent slip bands, 
which are discussed in the rest of the article. 

The microgram in fig. 5 (d) was obtained after 
reaching a number of cycles of 1-85 10°, 1.2. 
closely before the fracture of the specimen. It 
illustrates the changes in the structure of the grains, 
through which the expanded cracks, which on the 
surface formed a complete network in the field of 
radiation by the X-rays, penetrated to a considerable 
depth. And in the same area of the specimen frac- 
ture already took place after the following 5 « 10° 
Likewise, too, during loading with an 
amplitude of + 27-0 kg./mm.*, within the first 
half of the number of cycles necessary for fracture, 
it is impossible to detect any more important changes 
in the structure of the grains. The process takes 
place just as at an amplitude of + 25-0 kg./mm.*, 
but it is shorter, since the number of cycles till 
fracture is less. Only during loading above the 
shear limit of the external fibres are changes shown 
on the X-ray diagrams analogous to ihe changes 
during static loading. 

During loading in the elastically plastic state the 
chosen amplitude of deflection of the spring 
dynamometer was in accordance with the relation- 
ship of the amplitude of the stress to the number of 
cycles shown in fig. 4 (curve 1). The state of the 
structure after 550-5 cycles, i.e. in the stage where 


cycles 
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5 Micro- X-ray diagrams of steel CSN 12010 during alter? 
N 12-1 10°; b, Ga 25-0 ke..mm.*, N 10°; 
N = 1°85 « 10%; e, N ~ 550-5; £,N — 1,500; g, « 


hardening was complete, is shown in fig. 5 (¢ 
During further loading, which already takes place 
without hardening, additional changes in the struc- 
ture are manifested as further disorientation of the 
reflecting volumes (fig. 5 (f)). The same resultant 
state was reached after 1,500 cycles and remained 
unchanged during further loading. 

A similar sequence of changes in the internal 
structure was also obtained as a result of the use of 
higher values of the amplitudes of the deflection of 
the dynamometer with the hardening sequences 
expressed by curves 2 and 3 in fig. 4. The changes 
in the state of the structure were, however, complete 
within a shorter time, and fragmentation was much 
more apparent. Since it is first of all in this stage, 
after the completion of hardening and the changes in 
the structure of the grains, that the real fatigue 
process commences, which is manifested by the 
formation of fatigue, slip bands and by the forma- 
tion of disintegrated zones of ferrite, as was shown 
by grinding away a thin surface iayer, it can be 
judged that inhomogeneous shy changed into 
homogeneous slip, which did not lead to further 
changes in the structure, nor, therefore, to harden- 
ing. 

It is known that by annealing at the recovery 
temperature polygonization processes take place in 
cold-worked metal. As a consequence of this 
complex diffusion process there is also a change in 
the mechanical properties revealed by a fall in the 
hardness and the shear stress. A fall in the micro- 
scopic internal stress is manifested by resolution of 
the Ka doublet. The high disorientation of the 


reflecting volumes, however, remains preserved, 
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j) 
a, applied st>ess Fa 19-0 kg./ mm.?, 
mm.*, N 10°; d, os + 25 kg./mm.*, 

gomization; i, ¢ = 2:4%; j, N = 5,000 


ible to eliminate it only by recrystalliza- 

ating to the austenitization temperature 
juent recrystallization. 

is a picture of the state of the structure 

n loaded by static flexure to the elas- 

state (<¢ = 2-4%). In fig. 5 (A) is 

of the structure of the same 

S| fter annealing at a temperature of 550°C. 


rare 
ail 





for d of half-an-hour with subsequent 
g ing (2'C. min.). On comparison ofthe 
two 1s the change brought about by the 
pol tion process is apparent. Apart from 
this, in fig. 5 (A) it is possible to observe isolated, 
shar} fraction patterns, which belong to the 
recrysta grains, as the optical microscope 
connr 

Similar langes in the structure of cold-worked 
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6 Change in the amplitude of the stress during alternating 
loading of cold-worked steel 


, 2 3 ~ be 6 7 





ee CINEY RTE «6 





160 


mm.*, 
mm.” , 


5,000 


liza- 
ature 


ture 
elas- 
h) is 
same 
10°C. 
juent 
»f the 
y the 
from 
ated, 
» the 


scope 
orked 


nating 





OPN ET PERS Te LOA Ce 





december, 1960 


7 Development of slip bands in a selected area of a ferritic grain: CSN 12040; 4 


a, N 3 10°; b, N 5 x 104 


8 Obstruction of the development of the slip bands in the 


ferrite by the cementite phase 


kg./mm.2; N = 2 "10 


CSN 12040; o, 26°5 
20,000 


steel are produced, not only by annealing at the 
recovery temperature, but also by cyclic loading. In 
fig. 5 (¢) is the X-ray diagram of the same elastically, 
plastically deformed specimen as in fig. 5 (g). The 
specimen deformed in this way was inserted into 
the test apparatus, on which was set the same ampli- 
tude of the deflection of the dynamometer, which 
had led to hardening at a value of + 31-45 kg. mm.? 
applied to the annealed specimens (curve 1, 

+). During alternating loading the amplitude of 

» stress fell, and its course is shown in fig. 6. The 

hanges in the structure observed by means of 
X-rays are in agreement with the softening of the 
naterial, as measured by the change in the ampli- 
tude of the external stress. In fig. 5 (7) is depicted 
the state of the structure after a number of cycles 
N 5 « 10°. By comparison of fig. 5 (7) and (; 
there is clearly a distinct difference, based on the 
drop in internal stress. 

From what has been set out above, it follows that 
the processes taking place during recovery annealing 
are akin to the process taking place during cyclic 
loading of cold-worked material, as is shown by a 
comparison of fig. 5 (j) and (A). 
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11,000 


29-0 ke.'mm.*; 





9 Shp band 
the ferrite 


with a series of submicrosc¢ 
CSN 12040; a, 


pic breakdowns in 
26:5 kg.'mm.*; N 10° 
20,000 


Results of the metallographic study 

The morphology of the relief which is formed by 
alternating, plastic deformation in the phenomeno- 
logically elastic zone, shows that alternating, plastic 
deformation has its origin in fine, homogeneous slip. 
With the increasing number of cycles the slip bands 
which form are widened, since each cycle con- 
tributes to the submicroscopic change in the relief 
of the slip bands. 

Fig. 7 (a) and (6), obtained from the same area of 
a specimen with the use of the electron microscope, 
fully confirm this opinion. 

The slip bands in steels to specification CSN 12010 
and CSN 12040 are formed exclusively in the grains 
of ferrite. The grain boundaries (fig. 7 (6)) and 
especially the cementite lamellae of the pearlitic 
grains obstruct their development (fig. 8). The 
dark stripes with various orientations, which are 
manifested in the slip bands even in the initial 
stages of loading, may be shown by the negative 
method of shadowing to be submicroscopic break- 
downs of the cohesion (fig. 9). The development of 
the deformation relief on the surface of the specimen 
and the formation of the first submicroscopic break- 
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10 Relief of homogeneous plastic deformation in the ferrite 
lamellae of the perlitic grains: CSN 19152; Ga 41-5 
kg./mm.*; N = 10° 15,000 





CSN 12010; 
15.000 


12 Persistent slip band in the ferritic component: 
Oa 25:0 kg. mm.*; N 10 


downs have been described in detail by Klesnil and 
Rys*; the pattern of the formation of the surface 
relief as a result of slip in two slip systems has been 
authenticated by Klesnil.t With the increasing 
carbon content, plastic deformation starts to have 
its origin in the ferritic lamellae of the pearlitic 
grains also. The cementite lamellae remain un- 
affected by the alternating plastic deformation 
fig. 10). By means of negative shadowing, it is 
possible to show the presence of the first submicro- 


scopic cracks in the ferrite even at a number of 
of the total number of 


cycles which is only | 
cycles required to produce fracture (fig. 11). 
Whereas the slip bands occurring during stat*c 
loading may be readily removed by grinding away a 
thin surface layer (thickness =< 10~* cm.), a definite 
part of the slip bands occurring during alternating 
loading still remains in evidence even after grinding 
away a thick surface layer. This phenomenon can 
lead to the conclusion that these ‘ persistent slip 
bands’ are already microscopic cracks.°»® The 
electron microscope, however, shows that the 
persistent slip bands are not microscopic cracks, but 
that they represent zones of disintegrated ferritic 
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11 copic cracks in the ferritic component: CSN 
34:0 ke. mm.*; N 10* 17,000 


13 ck running within a _ rsistent slip band 


28-0 kg./mm. N 2-5 10 
15,000 
Ci rsistent slip bands, after the grind- 
i urface layer of 2u, are shown in 
f he increasing number of cycles the 
persi ands are elongated, while the grains 
of pearlit struct their development.‘ After 
attaining ritical length (about 100), a micro- 
scopic formed in the persistent slip band 
fig. 13). I rmation probably takes place through 
the merging of submicroscopic cracks. 


A micrograph of the fracture surface in the same 


area is shown in fig. 14. The fracture has the 
character of static fracture in mechanically worked 


material. The microscopic crack, which has been 
formed by the process already indicated in a disin- 
tegrated area of ferrite, expands further through the 
action of the high, local concentration of stresses at 
its root. On this account the pearlitic grains obstruct 
its development with a much lower degree of 
intensity than was shown by the optical microscope. 
The fracture surface, which was formed by the 
expansion of a microscopic crack in the area of dis- 
integrated ferrite, is characteristic by reason of its 
ribbing (fig. 15). 

Since, in our instance, symmetrical, alternating 
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14 Form of a fracture surfac 


zone at the edge of 


a specimen corresponding to a re in a disintegrated 
area of ferrite: CSN 1201 21-5 ke./mm.* 
8,000 


loading by flexure was chosc 

to raise the objection that th 
the surface of the specimen 

‘igh strain gradient. For 1 
netallographic specimen wa 
plane (fig. 1) with a linear sequ 
of the stress. By means of an 
was shown that, in the rang 
exceeding the fatigue limit, 
persistent slip bands are formed 
the interior of the specimen. \\ 
assume that the disintegrated a1 
in the reticulated, deformatio1 
bands. 


might be possible 
rmation of faults on 
ught about by the 
ason a polished, 
pared of the x-x 
f the amplitudes 

| microscope it 
tress amplitudes 
in this plane 

ich expand into 
can, therefore, 
of ferrite form 

f of the slip 


Analysis of the results 

On the basis of the study which has been conduc- 
ted we can divide up the whole fatigue process into 
several main stages: 

1. The period of hardening of the material. This 
was shown to exist only during loading in the 
‘lastically plastic state; in steels it is terminated in 
ihe zone of the time-dependent fatigue limit of the 

Shler curve, and in engineering practice it only 

rely enters into consideration. 

2. The period within which fatigue, slip bands 
re manifested on the surface, and within them are 
ormed the first, submicroscopic breakdowns in 
ohesion. 

3. The period within which there is formation 
and expansion of the persistent slip bands, represent- 
ing disintegrated areas of the basic, ferritic com- 
ponent. 

4. The period within which a microscopic crack 
is formed within the persistent slip bands; during 
subsequent loading this extends across the carrying 
cross-section, and leads to final fracture of the 
component. 

In steels, cyclic loading proceeds within the 
whole applicable range of the Wohler curve in the 


metal treatment 


and Drop Forging 





15 Form of a fracture surface corresponding to expansion of 


a micr pic crack in ferrite in steel CSN 12010: Ga 
21-5 ke. mm.* 8,000 
phenomenologically elastic zone. At selected 


amplitudes of the stress (19-0-27-0 kg./mm.?) no 


hardening was recorded, which could be manifested 
by a change in the external stress or the deformation. 
Similarly during an X-ray study, likewise no changes 
were discovered in the internal structure of the 
grail the first stages of loading. In so far as 
they are manifested at higher numbers of cycles, it 
1S | to indicate simultaneously the existence 
of | t slip bands down to a depth of 50u. 
Th s justified that the changes in the 
refle s of the grains do not arise as a 
result tation of the grains in the sense of 
static g, but are manifested as an outcome of 
the d grated areas and of the microscopic 
crack within the ferritic background of 
certa Only in this sense is it possible to 
comprehend the fatigue limit as 2 deformation 
boundary, and not as a boundary at which homo- 


geneous slip is changed into inhomogeneous slip, as 
suggested by Méller and Hempel.’ 

It was shown that measurable hardening mani- 
fested by a change in the external stress and the 
deformation occurs only in the zone of elastically 
plastic deformations. The hardening 1s the greater 
and the time period within which it takes place is 
the shorter, the higher was the chosen amplitude 
of the deformation. The micro-X-ray diagrams 
show fragmentation of the grains just as during 
static loading. Hardening ends after a certain 
number of cycles, and further loading takes place 
without measurable hardening. In this stage, 
however, during the course of a certain number of 
cycles changes in the structure of the grains still 
take place, as was shown by micro-X-ray analysis. 
This phenomenon may be explained in two ways. 
It is possible that hardening takes place only in the 
outer fibres, and its effect cannot be recorded by a 
change in the external stress. As far more probable, 
however, the possibility presents itself that two 
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processes take place in the material. Fragmentation 
which restricts the rise in internal stress, leading to 
hardening, and polygonization, which is governed 
by diffusion processes taking place within a thin, 
surface layer, mutually compensate each other in 
their action. 

From the X-ray study there follows the difference 
between the state of the structure during static and 
alternating loading above the shear limit of the outer 
fibres. Whereas during static loading, simul- 
taneously with fragmentation, there is an increase in 
the internal, microscopic stress, the resultant pic- 
tures of the state of the structure during alternating 
loading are very similar to the states of the structure 
of polygonized material, as follows from a compari 
son of figs. 5 (f) and 5 (A). It is, therefore, possible 
to judge that during hardening under cyclic loading 
diffusion processes take place which are very similar 
to polygonization processes. 

Both cyclic deformation without measurable 
hardening, and also the process of softening of cold- 
worked steel by cyclic loading, arouse once again 
doubts concerning the theories of Orowan and 
Afanas’ev,®: * who suggest that the formation of 
breakdowns in cohesion is a consequence of 
hardening in the plastically deformed grains. 

The appearance of the relief forming on the 
surface of a specimen shows that this differs basically 
from the phenomenon of plastic deformation during 
static loading. In the slip bands, even after a 
relatively small number of cycles, submicroscopic 
breakdowns in the cohesion form with completely 
random orientation. The slip bands are the nuclei 
of the disintegrated areas of ferrite, and expand 
relatively gradually into the interior of the basic 
metallic component. These areas are portrayed by 
the persistent slip bands, which are still prominent 
after grinding of the surface layer and after repeated 
etching. The whole process takes place up to a 
number of cycles, which is approximately half the 
total number of cycles required for fracture. Since 
even in the x-x plane (fig. 1) in the supercritically 
stressed zone persistent slip bands are formed, 
which expand into the interior of the specimen, and 
since, on grinding away the layers, no new persistent 
slip bands were discovered, we may premise that 
the reticulated, deformation relief of the slip bands 
is the one and only factor initiating the breakdown 
in cohesion through fatigue. Prolongation of the 
number of cycles required for fracture of the speci- 
men by 333 fig. 3) with grinding away of a 
surface 15. thick after every 2:5 + 10° cycles 
completely confirms these conclusions. 

As soon as the disintegrated areas attain critical 
dimensions, a microscopic crack is formed, probably 
through the coalescence of submicroscopic cracks, 
which expands increasingly rapidly through the 
metal substance, and in the ultimate phase leads to 
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fatigue fracture. In agreement with what has been 
set out in the foregoing, electron diffractography 
showed two different zones of fatigue fracture. 
Whereas with regard to the nature of the occurrence 
of the slip bands and the expansion of the sub- 
microscopic cracks there are no disputes, the forma- 
tion of the first submicroscopic, and therefore also 
persistent, slip bands is the subject of wide discus- 
We surmise that the various microphysical 
patterns* *-'° can scarcely be verified experiment- 
ally in the immediate future. Investigation of 
fatigue phenomena shows that the whole fatigue 
process consists in the development of breakdowns 
in cohesion through fatigue even from the initial 
cycles of loading. 
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iling ’ world’s oldest operating reactor 


ige National Laboratory successfully completed 
day ‘annealing’ operation to remove stored 
from the Graphite Reactor, the oldest operating 
n the world 
nnealing operation was the first for the 17-year-old 
riginally constructed to produce gramme quantities 
ium. The laboratory, which has five other re- 
tors, is operated by Union Carbide Corporation 
S. Atomic Energy Commission 


scarcn reac 
for the l 

Annealing of the Graphite Reactor is a procedure in 
which the graphite is heated above its normal operating 
temperature. The purpose of the annealing is to remove 
the stored energy which had accumulated during the 
many years of routine operation of the reactor 

The stored energy was released over Labor Day week- 
end by reversing the cooling air flow through the reactor, 
thereby heating the affected region and providing thermal 
motion to displaced atoms. During this operation, the air 
flow was decreased to one-half its normal 100,000 cu. ft. 
min. rate 


Hundreds of additional thermocouples were added for 
safety checks on temperatures of the fuel and moderator. 
In addition, the monitoring system was expanded to 
measure the reactivity of the air more closely 


The laboratory’s Graphite Reactor, also known as the 
X-10 Pile, was constructed in 1943, and went critical at 
5 a.m., November 3, 1943. The plutonium produced 
initially was used in a chemical pilot plant to evaluate the 
process for separation of plutonium from uranium. The 
design of the huge plutonium plant at Hanford, Washing- 
ton, was based on this system. 
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Metallurgy in nuclear power technology 


5. Fuel element canning materials—part 11 


J. C. WRIGHT, B.Sc., Px.D., A.1.M. 


The metallurgy of nuclear power materials is developing on such a wide front 
and so rapidly that it is difficult for the non-specialist metallurgist to keep abreast 


with its scope. 


Dr. Wright, Reader in Industrial Metallurgy, College of Advanced 


Technology, Birmingham, outlines the subject in a series of articles which are 
appearing monthly in this journal 


BERYLLIUM 

Extraction procedures 

BERYL is the most important commercial beryllium 
mineral and is the crystalline form of beryllium 
aluininium silicate, 3BeO.Al,O,.6Si0O.,, containing 
theoretically 14°., of beryllium oxide. The main 
sources are Brazil, Argentina and India; other 
commercial sources exist in South Africa, Southern 
Rhodesia, French Morocco, Madagascar, and South 
Dakota. Beyond simple hand-picking, the physical 
concentration of beryllium ore is difficult. Gravity 
concentration of beryl from gangue is not selective 
because their specific gravities are similar. An 
indirect flotation method has been developed for 
certain types of deposit, but is not universally 
applicable. In effect, beryllium must be concen- 
trated by one of three main chemical methods. 

In the fluoride process finely ground beryl is 
mixed with sodium silicofluoride and sodium car- 
bonate flux and heated at 800°C. This produces a 
double fluoride of sodium and beryllium which 
may be leached from the gangue materials in the 
reacted mass by solution in boiling water. Beryllium 
hydroxide contaminated with sodium fluoride is 
precipitated from the solution with caustic soda. 
After filtration, the hydroxide is calcined to oxide 
at 800-1,000°C. 

In the Degussa process fine beryl is reacted with 
excess lime at 1,500°C., and although complete 
fusion does not take place, much of the silica and 
alumina in the gangue is converted to calcium 
silicate or aluminate. From the reacted cake 
beryllium may be dissolved with sulphuric acid to 
yield a solution of beryllium, aluminium and ferrous 
sulphates. The aluminium may be precipitated as 
NH,AI(SO,), by ammonium sulphate and, after 
oxidizing the ferrous ions, the iron may be pre- 


cipitated in turn as ferric hydroxide, using calcium 
carbonate. The beryllium is finally precipitated as 
hydroxide, using ammonium hydroxide, then fil- 
tered and calcined. The resulting oxide is purer 
than that resulting from the fluoride process and is 
chlorinated in contact with carbon at 1,000°C. in a 
reaction vessel. This yields a solid beryllium 
chloride product, BeCl,, which may be electro- 
lysed in an externally heated stainless steel or 
nickel pot (fig. 28), which is made cathodic. 

In this operation the beryllium chloride is dis- 
solved in molten sodium chloride and the cell run 
at about 800 C., or in a eutectic mixture of alkali 
chlorides at temperatures as low as 400°C. The 
anode of the cell is usually graphite, and chlorine 
which is evolved in the process 1s led away. Beryl- 
lium is deposited on the cell wall in flake-like form 
of the order of | cm. across and about 0-01 cm. 
thick, or in dendrite form. In the flake form it is 
of interest to note that the basal plane of the 
hexagonal lattice of beryllium lies in the plane of 
the fieke. 

The beryllium deposit generally entrains electro- 
lyte and is normally contaminated with sodium 
and chlorine. For nuclear purposes particularly, it 
is necessary to refine the flake because chlorine 
has an undesirable neutron capture cross-section 
(the neutron capture cross-section of beryllium is 
doubled by the addition of 0-:001°,, of chlorine), 
and additionally subcutaneous chloride easily hydro- 
lyses and may cause blistering and exfoliation of 
the metal surface. Vacuum melting the flake by 
induction heating in beryllia crucibles at 1,800- 
1,900°C. reduces the chlorine content to less than 
20 p.p.m. It is also possible to ball-mill the beryl- 
lium flake mass to expose the chloride impurities 
and then leach them out with an agent such as 
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oxalic acid. This process is more economical from 
the refining point of view, but is less effective in 
that the chlorine level is reduced only to 200-300 
p.p-m. However, this is satisfactory for many 
purposes, and the beryllium is still in powder 
form at this stage. 

A further chemical concentration process, the 
sulphate process, leads to beryllium fluoride, which 
may then be thermally reduced with magnesium. 
In the sulphate process beryl is fused in an electric 
arc furnace at 1,700 C. and quenched into cold 
water. The resulting particles are ground to less 
than 200 mesh and treated with strong sulphuric 
acid to yield beryllium, aluminium and iron sul- 
phate. After dilution and filtering off gangue 
minerals the aluminium and iron are selectively 
precipitated. The beryllium is then precipitated as 
hydroxide, filtered off and dissolved in ammonium 
hydrogen fluoride. From this solution the alkaline 
beryllium fluoride, (NH,),BeF,, may be crystallized. 
On calcining at 800 C. this double salt is broken 
down to yield beryllium fluoride, BeF,. The 
magnesium reduction of BeF, involves heating 
beryllium fluoride with about 75". of the stoichio- 
metric amount of magnesium to a temperature 
above the melting point of beryllium. This results 
in the metal forming globules which float on the 
surface of the melt of magnesium fluoride and 
excess beryllium fluoride. When the reaction is 
complete the metal and slag are poured into a 
graphite mould. The ingot and slag are broken 
down and wet milled to dissolve away the beryllium 
fluoride, which is re-used, and beryllium pebbles. 
The pebbles are remelted by induction heating in 
beryllia crucibles under vacuum and the melt cast 
into a graphite mould which has been previously 
outgassed 

Electrolytic reduction does not compete in the 
U.S.A. with the magnesium reduction of beryllium 
fluorides, but the electrolytic process is favoured in 
Europe. 

The brittleness of beryllium has been argued, by 
some authorities, to be due largely to the influence 
of impurities. Attempts have therefore been made 
to refine beryllium to very low impurity levels 
indeed, but these are by no means commercially 
acceptable processes yet. 


Melting and casting 

Beryllium is difficult in melting because it attacks 
most refractories. The two materials most com- 
monly used for crucibles are beryllia and graphite, 
although there is some reaction with the latter. 
The best material at present is beryllia, but this ts 
extremely susceptible to thermal shock and great 
care is required in handling it. 

In addition to its reactivity towards refractories, 
beryllium reacts with most atmospheres and easily 
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forms 0 , mitrides and carbides. It is there- 
fo use an inert atmosphere or 


vacuum during melting. Inert gases must be 
especially pure and in practice considerable use 1s 
made of vacuum melting, in spite of the fact that 
beryll 


has a very high vapour pressure at suitable 
melting temperatures. A useful compromise is to 
heat under vacuum to a temperature just below the 
melting point and then under a partial pressure of 
clean inert gas while melting is actually taking place. 
The vacuum heating below the melting point 
allows fluoride and chloride fluxes and also mag- 
nesium to distil off to some extent. 

As far as fuel is concerned, electrical heating is 
the only possibility owing to the reactivity of 
beryllium. Normally induction heating is applied, 
using a susceptor of molybdenum or graphite since 
the coupling with beryllium alone is poor. The 
power coil has been placed within and outside the 
vacuum system with success in both cases. 

The consumable-electrode electric arc melting 
method has also been applied to compacted beryl- 
lium successfully. 

In casting beryllium, consideration has to be 
given to suitable ingot mould materials. Cast-iron 
moulds are not suitable because beryllium reacts 
with the graphite, but mild steel is reasonably 
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29 Apparatus for compacting powders at elevated 
remperatures ‘in vacua’ (‘The Metal Be,’ A.S.M., 1955 


satisfactory. Degassed graphite moulds are accept- 
able and may be protected in addition by ceramic 
inserts. Beryllium ingots show little piping and 
even this can be overcome by the use of * hot-tops.’ 
Beryllium ingots have a tendency to cracking on 
cooling, due to the easy cleavage of the metal 
along the basai plane coupled with the fact that 
cast beryllium has a coarse grain size. It is 
possible to produce a finer grain size by fast cooling 
the ingot, but this aggravates the internal stresses 
and assists the cracking mechanism. 

Cracking can be minimized by finding the 
/ptimum cooling rate for a given section, using 
hot-tops, and allowing the mould to collapse in 
sections where there is any restriction to normal 
shrinkage. Certain alloying elements tend to in- 
crease and others to decrease the cracking pro- 
pensity. Iron is detrimental for instance, and 
aluminium (}-1 reduces cracking. Even after 
taking precautions, as-cast beryllium ingots are 
coarse grained and very brittle. Very little mechani- 
cal deformation of the ingots is possible, being 
limited to very mild deformations by hot pressing 
and some simple extrusions. The main purpose of 
the ingots is as a source of material for powder 
metallurgy operations. 


The powder metallurgy approach 

The cast ingots are machined to swarf and 
because of the inherent brittleness this 1s easily 
reduced to 200-mesh powder in a ball mill. During 
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swarf production it is important to minimize oxi- 
dation so no lubricant is used and usually a clean 
inert atmosphere is employed. During ball milling 
a further source of contamination is the steel mill 
surface and the grinding ball surfaces. There are 
two ways of overcoming this and both may be 
applied together. The mill and ball surfaces may 
be lined with beryllium and the beryllium powder 
which results may be leached with oxalic acid 
which will remove surface oxide and iron con- 
tamination. 

There are three methods of compacting beryllium 
powder: (i) cold pressing and sintering; (1) warm 
pressing and sintering; and (ii1) vacuurn hot press- 
ing. The theoretical density of beryllium is 
1:85 g.cm.* By using high pressures, up to 
80 ton sq. in., on cold beryllium powder densities 
of the order of 1-6 g. cm.* are obtainable, and by 
vacuum (10°-° mm. Hg) sintering at 1,000—1,200 C. 
the density may be increased to 1:8 g.cm.* Sin- 
tering does not begin below 900°C. and is very 
sensitive to surface contamination of the powder 
The difficulties of this process are the high press 
capacity required and the separate provision of a 
vacuum in sintering. The use of high vacua 
int.oduces the difficulty of the presence of beryl- 
lium vapour which may react with refractories or 
condense in the coolest part of the system. 

Warm pressing involves compacting the beryllium 
at temperatures in the range 300-650 C., which is 
below the recrystallization temperature for bervl- 
lium. The pressures required are lower than those 
required for cold pressing and generally in the 
range 25-50 ton sq. in. It is possible to achieve 
near theoretical density by this method. Pressing 
dies are a problem in view of the combined tem- 
perature and pressure, but conventional die steels 
may be used at temperatures up to 600 C. with a 
pressure of 25 ton sq. in. Vacuum sintering of the 
green compact follows as for cold pressing. 

The size of sintered compact which may be pro- 
duced successfully by either cold or warm pressing 
and sintering is small and neither method 1s really 
satisfactory on a production basis. In contrast, 
vacuum hot compacting at 1,050 C. has been used 
to produce very large pieces of beryllium. Vacuum 
hot compacting is carried out in a vacuum of 10°! to 
10 * mm. at a temperature of 1,050 C. maintained 
in a sealed and heated retort (fig. 29). Inside the 
retort a steel die is closed and pressed by hydraulic 
jacks actuated from outside, with the plungers 
passing through vacuum seals in the retort walls. 
The die is filled with powder prior to heating the 
retort and vibrated to achieve good packing, the 
final powder charge being possibly several hundred 
pounds. The time cycle of the whole process 
varies from a few hours up to five days, depending 
on the size of the piece. It is possible to shorten 
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the times by increasing the pressure, but this 
procedure leads to anisotropy in the resulting 
compact. Blocks measuring about 60 by 20 by 
5 in. have been produced by this method. 

Another process for compacting beryllium, at 
present being developed, is pressureless sintering, 
which gives densities of 95-98", of the theoretical. 
Beryllium powder of a critical size distribution is 
vibrated down in a graphite mould and the filled 
mould is heated at 1,200-1,220 C. for several hours 
in vacuum. Linear shrinkage of the powder aver- 
ages about 20°., for simple shapes, but the shape 
of the mould cavity is faithfully reproduced. Bars, 
cylinders and rectangular blocks may be produced 
by this method. 

Finally, it is possible to hot work sheathed 
beryllium powder. A sheath or ‘ can’ is loaded 
with beryllium powder by vibration and cold 
pressing. The can is then evacuated before sealing. 
The sealed mass may then be hot-worked at tem- 
peratures of the order of 900-1,100°C. by rolling, 
forging or extrusion. Closed die working is prefer- 
able, otherwise the can has to be thick enough to 
withstand lateral tensional stressing. Mild steel is 
a suitable canning material since it does not alloy 
significantly with beryllium in contact with it at 
temperatures below 1,050°C. For all sheathed 
working techniques it is advisable to achieve a high 


initial packing density so that the amount of 


working needed to achieve maximum final density 
is small. In this way the cans are distorted as little 
as possible and inward folding is minimized. 


Fabrication of compacted beryllium 

Beryllium is very difficult to fabricate and almost 
all methods rely on working the metal at tem- 
peratures above the recrystallization temperature. 
The amount of cold working which may be carried 
out is very restricted but some warm working is 
possible, particularly by slow extrusion. 

The most commonly used fabrication method is 
extrusion (see fig. 30). The metal is sheathed in a 
mild steel can which may be evacuated, sealed 
and extruded at about 1,000°C. Although steel 
and beryllium have similar extrusion characteristics 
at 1,000°C. it is advisable to use a conical approach 
to the extrusion die to ensure concentricity at the 
start. The steel sheathing can be removed by 
peeling or by pickling in nitric acid, and dimen- 
sional tolerances on simple sections are good. 
Even so, both tolerance and surface finish are 
inferior to extrusion of the bare metal, but this 
latter process may be carried out only slowly and 
at temperatures of 400-450°C., using very high 
pressures. Sheathing of beryllium for extrusion at 
higher temperatures has the advantages of mini- 
mizing oxidation, preventing galling between the 
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work and the die, and overcoming a health hazard 
problem. 

Steel sheathed beryllium is hot-rolled at 800- 
1,050 C., using a sealed picture-frame arrangement 
of steel sheet whose thickness must increase as the 
intended final reduction of the compact increases. 
Once some hot deformation has been obtained it 
becomes feasible to achieve reductions of as much 
as 50”,, between anneals and 10", between passes, 
the main difficulty being that of maintaining the 
correct working temperature. Thin sheets are best 
pack-rolled and since cold rolling is difficult if 
edge cracking is to be avoided, the bulk of the 
reduction is done hot. 

Forging of beryllium is most easily carried out 
in closed dies at 600-1,000 C. and with the beryl- 
lium heavily sheathed. A limited amount of cold 
sizing can be carried out on small pieces. Warm 
drawing techniques have been used although care 
must be taken with lubrication to avoid galling and 
the extent of reduction before annealing becomes 
necessary is not large. 

Annealing of beryllium to develop optimum 
properties is achieved in the range 700-950 C. 
The recrystallization temperature of heavily de- 
formed material is nowmally above 700 C., and at 
about 900°C. berylliusa undergoes grain growth 
which slightly lowers the strength and ductility of 
the metal. 


Machining 

Cast beryllium can be machined but the aniso- 
tropy of the coarse grains inevitably leads to a poor 
finish. Because of their finer grain size sintered 
powder compacts give a better finish. On the 
other hand, powder products are likely to contain 
more oxide which is very abrasive and this limits 
severely the life of high-speed tools to the extent 
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that it may be advantageous to use carbide-tipped 
tools. The use of lubricants has advantages from 
the point of view of ease of machining and greater 
protection of the health of the operator, but since 
beryllium swarf is comparatively valuable and must 
be re-used, machining lubricants must be 
thoroughly removed from swarf to avoid con- 
tamination. 


Joining 

In welding beryllium to beryllium by fusion an 
inert atmosphere is essential and the properties of 
the weld bead are not very good. Provided the 
weld bead is not expected to carry high stresses 
autogenous Argonarc welding of beryllium using 
an inert electrode or electron beam welding are 
feasible methods. Filler rod techniques are dis- 
appointing. Solid phase pressure welding of beryl- 
lium to beryllium is possible at temperatures above 
about 800°C. and the properties of the weld are 
generally better than those of a fusion weld. As 
with most pressure welding processes, cleanliness 
and relative movement of the two contact surfaces 
are essential for success. 

Brazing is probably the best method of joining 
beryllium to beryllium and to other metals for 
normal temperature applications. The brazing 
materials used satisfactorily are aluminium and 
eutectic aluminium-silicon alloy. Inert atmosphere 
coverage is essential during the operation. 

Electron beam welding has been used for welding 
beryllium to other metals. 


NIOBIUM 
Extraction and fabrication 
Niobium has an effective neutron capture cross- 
section for thermal neutrons of 1-15 barns, which 
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is on the borderline for satisfactory use in thermal 
reactors. Its neutron capture cross-section in fast 
neutron fluxes is much more attractive and the 
metal is of considerable potential use in liquid 
metal-cooled reactors. Although niobium has been 
used in a ferro-alloy form for many years it has not 
been available in elemental form in any appreciable 
quantity until recently. 

Starting with commercially available ferronio- 
bium, a variety of routes has been investigated 
with a view to producing pure niobium metal. It 
would be inappropriate to pursue these develop- 
ments in details, but an outline of some of them is 
given below in the form of a flow-sheet (fig. 31). 
It will be seen that the ferroniobium may be 
(1) chlorinated and the mixed chlorides separated 
by (a) selective reduction or (6) fractional distilla- 
tion to yield niobium trichloride which may be 
reduced to niobium with hydrogen; (2) attacked 
with mixed acids and potassium niobium fluoride 
crystallized out after purification by either (a) selec- 
tive precipitation or by solvent extraction in 
tributy] the K.NbF, may then be 
reduced pyrometallurgically with sodium to yield 
niobium; (3) attacked with caustic alkali, preci- 
pitation and leaching of the residue with HF to 
yield a solution of K,NbF, and reduced with 
sodium. 

Extraction of niobium from niobium pentoxide 
by reduction with aluminium, carbon or niobium 
carbide, or calcium plus iodine, have been reported. 
Also niobium carbide has been chlorinated at 
500°C. to yield niobium pentachloride which may 
be reduced with magnesium. In addition, fused 
niobium oxyfluoride has been electrolysed to yield 
niobium. 

Development of extraction methods continues 





FERRONIOBIUM 
ROUTE ROUTE 2a ROUTE 2b 








Jeory L2 


— T — 
HNO, + HF } No/O 4,5 
|} SOLN 95°C . 





| 
vOL ATILE MIXED CHLORIDES F Nb (65%), Fe(278 \ a 
To(7l)at.tr. Mn, Mo W ne ond wee YL 
> CRUDE NB OXVFLU : WASH AN eR 
a be s HA 4 & 
lo a ee —— 5 
SELECTIVE HM DISTILLATION bahia wall o1uM WATER 
REDUCTION N NS#XSCL CRUDE SODIU 
¥ at 300°C ’ FILTER-@K, Fe, + TatMr NIOBATE PASTE lee 
OLATILE NbCict#ToCl ’ | iat +, NbFf, sOLN 
VOLATILE NbCl¢ + Tal 5 VO. L bCis aCly " 
| : i 
FRACTIONAL 
| DISTILLATION i _ HCL —_ 
pny a NbCk sOLUT V@ HF 
REDUCTION 5 
AT soo*C H) REDUCTION a 
’ at oo*c - CAUDE MIDE ’ 
MED Ne ~ .ciitennndimnsannint le the RYSTALLISE soKee 
CRYSTAL 
Hz REDUCTION 600°C * K)NbF7 ——_—_—_——— 


Nb Nb 


31.  Flow-sheet—production of niobium 


No METAL (UOO*C) 


’ (PYROMETALLURGIC AL ¥ y 


CRYSTALLISE 
K)NbFy 


L——K »NbF» — 
2 


metal treatment 
and Drop Forging 


and it is not yet possible to assess their potentialities 
and economics on a production scale in detail. 
Induced radioactivity resulting from irradiation of 
niobium is low, but that in tantalum, which tends 
to associate with niobium throughout extraction 
processes, is much higher. Thus niobium for 
reactor purposes must normally be free from 
tantalum and extraction processes must allow 
for this. 

The extraction routes produce niobium in pow- 
der form, which contains various amounts of 
oxygen, carbon, nitrogen and hydrogen, in addition 
to small quantities of metallic impurities. In con- 
solidating niobium powder by accepted powder 
metallurgy methods, some purification of the metal 
is achieved particularly during vacuum sintering. 
Oxygen, for instance, increases the hardness and 
brittleness of niobium and increases the difficulty 
of consolidation and subsequent fabrication so that 
it is desirable to remove as much oxygen as possible 
Oxygen itself is evolved during vacuum sintering 
at temperatures over 2,000 C. or as carbon monoxide 
at temperatures of the order of 1,700-1,900 C. If 
the carbon content of the mobium powder prior to 
compacting is low, it is beneficial to add carbon to 
the raw powder in an amount dependent on the 
oxygen content so that advantage may be taken of 
the lower temperature of carbon monoxide evo- 
lution. 

Table 11 shows the improvement in purity of 
niobium after sintering and rolling. Very efficient 
and large capacity pumping systems are required 
because large quantities of hydrogen, carbon 
monoxide and oxygen are evolved during vacuum 
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TABLE 11 Analysis of mobtum powder and 
sheet rolled from sintered bar ( from O” Driscoll 
and Miller, ‘7. Inst. M.,’ April, 1957, p. 384 








Powder Sheet 

weight weight 
"he 0-25 0-01 
oO 0-50 0-05 
N 0-07 0-01 
Ta 0-30 0-30 
Si 0-08 0-01 
Fe 0-05 0-05 
. 0-10 0-005 
Tj 0-05 0-05 
Sr 0-08 0-08 


good getter for oxygen and nitrogen and absorber 


of hydrogen, and so extremely low partial press- 
ures of these gases must be maintained for their 
removal. Induction or direct-resistance heating is 
used attain sintering temperatures of the order 
of On) ( 


pacted and sintered niobium powder may be 
-onventionally or consumable-electrode arc- 

m n vacuo. Because of the gettering potential 
im the arc furnace vacuum must be very 

good and this leads to difficulty in stabilizing the 
minimize these difficulties high arc cur- 

it low voltages are used and the electrode 

ting rate is high. Thus, there is only limited 
pportunity for further purification during melting 
f the short time between melting and 

freezing of any one part of the niobium. Powder 
compacts may also be melted on a small scale by 
electron bombardment yielding niobium with low 
ga \tamination and correspondingly low hard- 


ecause oO 






































sintering. Additionally, niobium powder is a very es 
Taste 12 Some propertic f canning materiai see last month, page 449 
Coefficient 
Thermal Thermal (R.T 300 esistance 
neutron conduc of thermal Tensile 
Materia Melt capture tuivity expansion strength High Hig Application 
ing cs,barns cal. sec in. in ton temp temy l 
point C. cm ¢ 10 * sq. in CO wate 
Aluminium 660-2 215 > 503 25:0 6-10 Poor Low heat release CO, or 
ver water cooled; 350 € 
350 ¢ 
Beryllium 1,283 0-01 0% 14.44 263+ Good Po > High-temperature gas- 
48 cooled reactor ; 600 C 
Magnesiun 650 0-06 0-411 26 0 10-12 Satis- Very Moderate to low-tem- 
Magnox 0 276 9°5 factory poor perature CO, cooled, 
A 12 better than Al; 470°C 
Niobium 2,468 1-1 0-13 7:31 17-6 Poor | Excel- Good Compatible with Liquid metal cooled 
10* lent uranium fast reactor 
Vanadium 1,900 4-8 0-074 Good Compatible with Liquid metal cooled 
uranium fast reactor 
Zirconium 1,852 0-18 0-05 7-61 25:0 Poor Good Poor, Zircaloy 2 improved High-temperature water 
above paru water resistance and coole 
400°C cularly weldable.0-5"..Cu 
above 0-5 Mo improve 
600 C CO, resistance 
Stainless Good Good Good Reacts with U at High-temperature fast 
steel 


high and with good 
contact 


reactors 





*T. H. Schofield, 7. Inst. Met., April, 1957, p. 373 


+ Extruded flake 
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Consolidated niobium may be worked by con- 
ventional methods, but hot working is generally 
avoided because of the contamination problem at 
higher temperatures. Fortunately, niobium is very 
ductile and work hardens slowly so that cold reduc- 
tions of at least 90°, can be made before annealing 
is necessary. If hot working or annealing operations 
are necessary the metal must be either vacuum 
sealed in sheaths or contained in high vacuum 
furnaces with very low leak rates. In spite of the 
ease of working niobium, the full annealing tem- 
perature is above 110°C. Any heating method 
consistent with maintaining high vacuum may be 
used, but the relatively rapid heating and cooling 
rates obtained with the high-frequency method are 
advantageous. 

Processes in which niobium is passed through a 
die such as wire drawing, deep drawing and prob- 
ably extrusion involve the difficulties of seizing and 
galling. Protective coatings are required to act as 
a carrier for relatively still lubricants such as sul- 
phonated tallow or drawing waxes. Dies may be 
made of hard chromium-plated steel but are fre- 
quently of aluminium bronze, tungsten carbide or 


Multi-specimen creep testing machine 

THE RESEARCH AND DEVELOPMENT department of the 
United Steel Companies Ltd. has designed a compact 
creep testing machine which is now being built and 
marketed by Distington Engineering Company Ltd., of 
Workington, Cumberland. It is expected to have many 
applications in industries concerned with the design and 
manufacture of steel parts for service conditions in steam 
boilers and turbines, gas turbines and certain chemical 
plant. 

Known as the Unisteel multi-specimen creep testing 
machine, it is designed to accommodate either four high- 
sensitivity tests or twelve stress-to-fracture tests on the 
one machine, with one furnace and one temperature 
controller. The machine incorporates four loading sys- 
tems, each of which caters for one high-sensitivity test 
or three stress-to-fracture tests in series. 

Many years of experience in the use of creep testing 
machines have gone into the design and construction of 
the new model, a special feature of which is the con- 
centration of a number of testing stations within a com- 
paratively small space. The machine occupies a floor 
space of only slightly more than one square yard and can 
be installed in rows at 4 ft. centres. This compares very 
favourably with the usual single specimen machines, while 
the machine cost per test point is competitive with other 
machines on the market. For compact installations, 
guards can be fitted to prevent accidental contact with the 
loading weights. 

The Unisteel machine can be used for the application 
of loads up to three tons on a specimen. The complete 
unit comprises the creep testing machine itself; a furnace 
consisting of a fused silica tube wire wound in three 
zones for resistance heating, encased in a polished stain- 
less steel cylinder; a control panel, incorporating an 
electronic temperature controller; and two auxiliaries— 
a ratchet s and lifting jack—which can be used 
with a number of machines. 
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beryllium copper. The normal starting point in 
thin-walled tube production is a disc blanked from 
sheet which is cupped and deep drawn. The deep 
drawn shell is then converted to tube of smaller 
diameter and thinner wall by conventional draw- 
bench methods. 

Homogeneous welds in niobium can be made by 
resistance welding or by the Argonarc process; it 
may be welded to certain other metals by the same 
methods. The atmospheric protection required in 
resistance welding depends on the duration of 
each welding cycle. For instance, spot welds may 
be made in air, but seam welds are made under 
water. Properly made welds are ductile and almost 
as strong as the base metal. Atmospheric protection 
with Argonarc welding of niobium must be con- 
tinued to lower temperatures than with most 
metals, usually to about 200 C. 

Standard machining operations are applicable to 
niobium but care must be taken to minimize seizing 
and galling. Heavy cuts are preferable, using high- 
speed tools at high cutting speeds and with adequate 
clearance around the cutting edge, whether it is a 
lathe tool, milling cutter, tap or die, etc 


First known gramme quantities of osmium isotopes 


The first known separation of gramme quantities of osmiun 
isotopes has been accomplished by an electromagnetic 
process at Oak Ridge National Laboratory. The labora 
tory, principal supplier of radioactive and stable isotopes 
in the nation, is operated by Union Carbide Corporation 
for the U.S. Atomic Energy Commission 

Of the approximately 290 stable or relatively long-lived 
naturally occurring isotopes of 86 elements, 265 isotopes 
of 58 elements have now been enriched by the electro- 
magnetic process. The isotopes of the inert gases neon 
krypton, and xenon will be separated by thermal diffusion 
Hydrogen and helium isotopes are available from othe: 
sources, while 23 of the elements have only one stable 
form. 

Hence the separation of osmium isotopes completes the 
first phase of the stable isotopes programme at Oak Ridge— 
the collection of small quantities of enriched isotopes of all 
the elements originally scheduled for separation by the 
electromagnetic method 

Previously, the difficulty in processing significant 
amounts of osmium was due to the extreme toxicity of 
osmium oxide. A very minute amount—10 millionths of 
a gramme in a cubic metre of air—can cause lung congestion 
and eye damage. 

Since the vapour pressure of metallic osmium is very 
low, it was necessary to use the volatile, although toxic, 
osmium oxide as the feed material 


Metallurgical research at high pressures 


Dr. J. E. Hilliard, of the Research Laboratory, General 
Electric Co., Schenectady, U.S.A., is to give a lecture on 
* Metallurgical research at high pressures,’ under the 
auspices of the Metal Physics Committee of the Institute 
of Metals. The meeting will take place at 17 Belgrave 


Square, London, S.W.1, on Thursday, January 12, 1961, 
at 6.30 p.m. 
required. 


Visitors are welcome; tickets are not 
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Computer- 
controlled 
gas-cutting 
machine 


The first of the automatic 


British Oxygen Co 


In 1957 British Oxygen Co. Ltd. announced the 
develepment in association with Ferranti Ltd. of a 
computer-controlled gas-cutting machine designed 
for shipyards and large engineering works. An 
intensive programme of development has con- 
tinued on the-detailed problems involved and the 
first of two full-scale machines has successfully 
completed its acceptance trials at the Edmonton 
works of B.O.C. ready for transport to the Wallsend- 
on-Tyne shipyards of Swan, Hunter & Wigham 
Richardson Ltd. for commissioning trials. 

Although the development is aimed particularly 
at shipyards, attractive savings in time and cost are 
also envisaged in other fields where there is wide 
use of profiled steel plate, for example, marine and 
structural engineering, locomotive building and the 
atomic energy programme. 


Computer programming 

In the drawing stage, dimensional information in 
co-ordinate form is tabulated relative to a chosen 
origin. The next step is to write this data in com- 
puter language on a planning sheet. From the 
planning sheet a punched tape for input to the 
computer is prepared by simple copy typing. The 
tape is then sent to a computer centre for the pre- 
paration of a magnetic tape to be used on the 
machine. 

The computer, which may be at a computer 
centre serving a number of users, consists of a 
Ferranti Pegasus general-purpose computer plus a 
digital differential analyser. ; 

The use of a computer reduces the amount of 
programming required to a minimum.  Sub- 
routines for repetitive shapes can be stored in the 
computer’s memory and called up as required by 
the programmer using a simple code reference. 
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itters for ships’ plate at the Edmonton works of the 


7 


The machine 


When the magnetic tape is played back in the 
machine control console the recorded trains of 
pulses are utilized to control the movement of the 
machine cutting heads. 

Ihe machine itself is of the port and starboard 
type capable of cutting two mirror-image 12 « 40-ft. 
plates simultaneously. A maximum thickness of 
3 in. is at present envisaged. Power-driven roller- 
tables with retractable stops to locate the plates 
relative to the datum position of the cutting heads 
can be installed to bring the plates from the loading 
area to the cutting area and out again to the discharge 
area after profiling. 

In addition to controlling the movement of the 
cutting head, ell other functions are controlled 
automatically. These are: (1) gas control; (2) 
automatic ignition of the pre-heating flame; 
(3) continuous nozzle height control; and (4) flame 
monitoring. In the event of failure the machine 
is instantly shut down automatically. 


Incentive for eye protection 
British industry is now being offered an incentive plan 
to help reduce needless and costly eye accidents. For 
November saw the launching of the ‘ Wise Ow] Club’ 
of Great Britain, under the sponsorship of the British 
Safety Council 

The Wise Owl Club is sponsored internationally by 
the National Society for the Prevention of Blindness, 
New York, and is open to all who have saved their sight 
by wearing the proper protective eye equipment at work. 

Wise Owl Chapters can be formed by any industrial 
concern in Great Britain. To form the Chapter, a firm 
completes a simple application form and receives its 
charter free. There need be no eligible employees in 
the firm when this application is made. 

Total serious eye injuries in British industry for 1959 
were 6,680, of which 2,670 were in general engineering 
and 1,150 in metal processing. 
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NEWS 


Iron and Steel Board—prices 
THE IRON AND STEEL BOARD announces that the prices of 
some specifications of iron and steel products have been 
increased whilst others have been reduced; the greater 
number of prices remains unchanged. Certain extras 
and allowances have been revised 

The changes include increases in the maximum prices 
of high-phosphorus foundry pig iron, of certain specifica- 
tions of hot finished tubes and non-alloy bright bars, 
and reductions in alloy bars, stainless steel, cold-rolled 
strip and forging quality billets (soft basic forging billets 
reduced from £38 10s. to £38 ton 

Overall, the changes made do not represent any increase 
in the general level of iron and steel prices, nor do they 
represent any significant reduction This confirms the 
forecast made in the board’s announcement of October 25 
concerning the effect on iron and steel prices of the 
recent rise in coal and coke prices. 

The new determination came into forceon November 28 

A number of presentational changes have been made 
in the price schedules. Among them is a more consistent 
use of the term ‘ basis price.’ In the past the description 
‘ basis price ’ has not for all products been applied to the 
price for the largest quantity. In future the price for 
the largest quantities of all heavy steel and re-rolled 
products will be called the ‘ basis price.’ It will be 
equivalent to the former basis price less former allowances 
for quantity where these were applicable. 

In consequence the price schedules for heavy steel and 
re-rolled products will not in future contain provision 
for allowances for quantity, but there will be extras for 
smaller quantities. 


British conference in Belgium 

A one-day conference was held recently in Brussels by 
High Duty Alloys Ltd. Three papers were read, dealing 
with both the technical aspect and applications of H.D.A 
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products, with particular emphasis on Hiduminium alloys 

The conference was opened by the Belgian agent of 
High Duty Alloys, Mr. Paul Alexis of S.A. Aciers Alexis, 
and the first paper to be read and discussed was on 
Close-to-form and close tolerance forgings.’ This 
paper, presented by Mr. E. W. Peel, divisional manager 
of H.D.A.’s Forging Division at Redditch, covered not 
only the forging of Hiduminium alloys but also of steel, 
nickel-based and titanium alloys. The second paper, 
* Interesting applications for rolled, extruded and drawn 
products,’ was given by Mr. H. J. Davies, development 
manager 

The third paper dealt with the use of H.D.A. ‘ Forgings 
in nuclear engineering.’ The speaker was Mr. E. T 
Stewart-Jones, development engineer of the Forging 
Division. Again, as in the first paper, it dealt with the 
use of practically every material that was forgeable 


Change of name 

The Electric Resistance Furance Co. Ltd., a member of 
the Efco Group of companies, has changed its name to 
Efco Furnaces Ltd. The change has become desirable 
due to the increased scope of the company’s interests 
which were originally confined to electric resistanc: 
heating but have in recent years been widened to include 
both gas- and oil-fired furnaces 


London evening courses 
The Borough Polytechnic, Borough Road, S.E.1, Division 
of Metal Science, is holding two special courses in the 
spring term of the 1960-61 session 
‘Recent developments in non-electrolytic m 

finishing.’ A course of six weekly lectures, Thur 
at 7 p.m., from January 12, 1961 

II) ‘ Metallurgy of rarer metals A course of six 
weekly lectures, Tuesdays, at 7 p.m., from February 
1961 


HOT FORGINGS 


[HE NEW LIGHT FORGE of Walter 
Somers Ltd., at Halesowen, near 
Birmingham, is equipped with the 
most up-to-date plant, including ar 
automatnc 500-ton press, a rotary 


furnace to serve WU and a pair of 
automatically controlled heat-treat 
ment furnaces for wmormalizing or 


annealing the fimshed forgings. Equa! 


care has been devoted to handling the 
forgings both before forging and when 
hot. Forgings are moved from press 
to heat treatment by means of a large 
stillage truck, made by Lansing 
Bagnall Ltd., Basingstoke, with a 
capacity of three tons, and a platform 
length of 7 ft. The hot forgings ar: 
placed on the stillage by the pres 
mam pulator 

Furnace loading»is“in progress in 
the background The forgings are 
placed on the trolley at the centre 
which is fitted with a firebrick hearth, 
and runs on rails. It is simply pushed 
mto ghd pulled out of the furnace 
doors at the right by the small tractor 
at the left 
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Gas-fired rotary furnace to be heated. Pressure on a knee switch causes the 


Dowson & Mason are now supplying in this country a 
gas-fired rotary furnace designed and developed by their 
American associates, the National Furnace Corporation 
of Providence, R.I. The furnace was designed primarily 
for heating stainless steel rods prior to rolling to knife- 
blade thickness in a standard rolling mill, but has many 
other industrial applications 


he furnace body is a welded steel cylinder, with a 


7}-in. thick refractory lining, and stands on an angle-iron 
fram Inside the furnace chamber is a spider carrying 
2 alloy cups, each 4} in. i.d. and 10 in. long. The 
pider, which slopes backwards at an angle of 5 to 


prevent the contents from falling out of the cups, is 
;ounted on a shaft which protrudes through the back of 
1¢ furnace chamber to the driving mechanism. The 
haft is driven by a } h.p. electric motor, and indexed in 
2 positions by an air-operated cylinder. The distance 
yetween the end of the cups and the front of the furnace 
may be varied by means of a screw mechanism operated 
with a handwheel 


In the centre of the furnace front is a gas burner 
whose flame plays on a refractory cone cast in the centre 
of the spider. The angle of the cone is designed to give 
optimum heat circulation in the furnace. Interchange- 
able burners can be supplied for the various uses to 
which the furnace may be put. A square aperture on 
the furnace front acts both as a loading hatch and as a 
flue. An air curtain directs the spent gases up a water- 
cooled chimney 


After the furnace has been brought to a working tem 
perature, which takes about two hours from cold, the 
operator loads the cup behind the hatch with the pieces 


Gas-fired vertical rotary continuous furnace for heating 


tainless-steel rods 





spider to turn to the next indexed position, the operator 
loads the next cup, presses the switch, and so on until 
all 12 cups are full. By now the pieces first loaded will 
have been in the furnace for upwards of two hours, and 
after the next press of the switch they may be removed 
and transferred to the rolls. The distance from the 
centre of the hatch to the side of the furnace chamber is 


only 13 in., so that a minimum of heat will be lost in 
transferring the work. When the cup has been emptied, 
it is re-loaded before the next cup is brought into position. 
It wi noted that as the charges are carried round the 
furnac will turn relative to the others, and perfectly 
uniform heating is thereby ensured. 


Sieving metal powders 


A ser lifficulty formerly frequently encountered in 
the f ng of some metal powders was the clogging 
and : of the mesh during sieving operations. This 
wa 1¢ fact that, as the particles of certain metal 

an elongated cuneiform shape, the motion 


r screen caused the oversize pieces to become 
weds 1 the screen into which they were firmly ham- 
nr bouncing action of the rest of the material 


ilty has now been overcome by the applica- 
creen of the principle of gyratory motion on 
plane which not only eliminates the bouncing 
particles, the main cause of the clogging of 
reen, but also enables the operator to achieve 
ised throughputs of sieved material through 

1 fine mesh and relatively small surface 


R mstructions Ltd., of 9 Adam Street, London, 
Ww. » were the British pioneers of this principle 
as to straining and sieving operations, have 
ma i number of machines, among the latest being 


th ide machine, which comb:; es the high-capacity 
and n nding properties associzied with the gyratory 
screen principle with the automatic and continuous 
rejection of oversize material. 


The machine consists of three superimposed circular 
screens vibrating with a gyratory motion, which causes 
the particles of the material being sieved to radiate 
outwards in a curved path. On coming in contact with 
the first screen a certain number of the fine particles 
passes through it and goes down a central tube to the 
discharge outlet. The remainder of the material passes 
over the edge of the screen and, falling on to the sloping 
surface of the transfer funnel, is directed to the centre 
of the second screen. More of the fine particles pass 
through this screen to the outlet, while the coarser 
material travels in the same manner over the edge to the 
centre of the bottom screen. By the time the material 
has reached the outer edge of this screen all the ‘finer 
particles have been separated and the coarse material 
remaining passes off through a gutter to the reject outlet 
which is on the opposite side to the main discharge 
outlet. 


The machine is powered by a j-h.p. electric motor and 
can be supplied, mounted on a mobile stand or suspended 
from the ceiling for use where material is stored in an 
upper storey of a building and fed by gravity through 
an aperture to the lower parts of the establishment. 
The gyratory unit is accurately balanced so that no 
vibration is transferred to the static part of the machine. 
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Electric Motors & Controls-1 


33 


fids in Industry 


Most manufacturers today employ electric 
power through individual drives, which 
permit the right type of motor to be 
used for each machine. The range of 
notors available is very large and the 
factory executive could well be guided 
in his choice by the expert views of the 
motor manufacturer, the installing 
engineer or his Electricity Board’s en- 
gineer. The characteristics of the main 
types of motor are summarised below 


Squirrel-cage Motors 

hese are the most straightforward and 
simple in design, and are therefore 
relatively cheap and robust in character 
hey should be considered for general 
duties and in conjunction with variable- 
speed gears or couplings for applications 
requiring variable speeds, e.g., for 
crane drives 


2 





The squirrel-cage motor 1s very suitable 
for individual drive of each motion of 
single-purpose machine tools where the 
motor horsepower can be precisely 
specified. Itis suitable for driving pumps, 
fans, lifting hoists and woodworking 
machines. Textile machinery represents 
another field of use 

Slip-ring Motors 

The chief advantage of the slip-ring 
motor is a very low starting current for 
a given torque, e.g., full-load torque at 
starting with a current about 10", above 
full-load current. This makes it suitable 
for applications requiring a prolonged 


E 





starting period with a load of high 
inertia. It also permits of speed variation 
below synchronous speed, though with 
some loss of efficiency. Typical appli- 
cations include fans, pumps, heavy 
lathes, grinders, boring mills, calender- 
ing machines and mine hoists. 


Three-phase A.C. Commutator Motors 


The main characteristic of this type is 
variable-speed with uniform and 
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gradual acceleration and good efficieacy 
over the speed range. Paper manufacture 
provides excellent examples of its use, 
¢.g., in reeling, cutting and drving 





A.C. commutator motors are recom 
mended for mechanised bakeries and 
for cranes and hoists where very slow 
speeds are frequently needed 
Synchronous Motors 

These are constant-speed motors. On« 
particular advantage is that they can be 
operated at unity or even at leadi 
power syst 
suffering from lagging power fact 
and perhaps so qualify for a reductior 
n the electricity bill. Pump and com 
pressor drives are typical uses to w 
they can be put 


factor to correct 


Single-phase A.C. Motors 

In general, single-phase motors are 
used in light industries for drives not 
requiring more than about five horse 
power or where a three-phase supp 


not available. While their us¢ m 
limited to work of a light nature, th 
do fill a need in such duties as sewing 


machine drives, portable hand too 
and window-opening gear 


Direct Current Motors 

For an unfettered performance where 
wide ranges of speed variation ar 
all-important, the D.C. motor is un 
rivalled. This means the installation of 
an A.C.-D.C. motor-generator set or 
rectifier to give the necessary supply, 
but the increased cost may well be 
worth while. When variable voltage 1s 
applied to the armature, a wider speed 
range is obtainable than with any other 
type of motor. Typical applications of 
the D.C. motor are: cranes, haulage and 
uppler equipment and high-speed 
printing 

poor ------------- ie, catia 
| For further information, get in touct! 

! with your Electricity Board or write 

! direct to the Electrical Development 

| Association, 2 Savoy Hil), London, 

; W.C.2. TEMple Bar 9434 

' They can offer you excellent 

| reference books on electricity and 

! productivity (8/6, or 9/- post free) — 

' “Electric Motors and Controls” is 

; an example. E.D.A. also have avail- 

j able on free loan within the United 

| Kingdom a series of films on the 

| industrial uses of electricity. Ask 

| for a catalogue nena 
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Impact tester for metals 

Because of the great amount of energy developed by 
heavy pendulum impact testers, Testing Machines Inc. 
now offers a completely model which is easy to 
operate. 

The new testing machine has been tried and proven in 
several nationally recognized laboratories and is now 
offered to general industry. The tester meets the require- 
ments of ASTM Method E23 and performs Izod, Charpy, 
and Tension-Impact Tests for metals. 

The TMI 
clutch brake 
ene complet 
return and 
factor and 
next test 

After pendulum has been arrested, the electric 
motor gear head assembly, automatically raises the 
heavy pendulum hammer to its latched position and the 
macl then ready for the next test 

rt trol panel for operating the pendulum hammer 
can | cated any distance from the machine for safety 
of t perator or for other reasons. 

WI testing materials which might shatter and throw 
ra ts, the impact tester can be used with complete 
" that the operator is removed from the danger 
23) Chis machine is also well suited for testing radio- 

r other dangerous materials. It already is in use 

ral laboratories where the control panel is located 
d a protective wall to shield the operator. 
re is another most important safety feature. The 
perator does not have to lift the heavy pendulum after 
test. This eliminates a possible cause of bodily 
injury. The operator cannot be struck by the swinging 
pendulum during a test or in trying to reposition the 
pendulum 

For complete information on this modernized impact 
tester write to the manufacturer 

The manufacturers are Testing Machines Inc., 72 
Jericho Turnpike, Mineola, New York, U.S.A 


safe 


machine has an automatic electric safety 
which stops the pendulum after it has made 

ving. It also has a motorized pendulum 
,ote controls. This is an important safety 
ne-saving factor because it speeds up the 


} 









Temperature 
controller 


Process timers 

The latest range of Rodene process timers is of interest 
to furnace operators because of its great versatility. The 
‘25’ series of timers consists of units for single-stage 
operation giving times from 1 sec. up to 10 min. They 
reset automatically and thus the dial need only be turned 
for a new setting. Repetitive timing can be controlled 
remotely or automatically. This series is powered by a 
special! Rodene motor which always reaches synchronous 
speed in the right direction in a fraction of a second and 
automatically declutches when switched off. All units are 
fully tropicalized and are available for board, through panel 
or flush mounting. They have a variety of applications 


such as for the mixing of substances for an exact period 
of time 
The Rodene timer is a robust instrument which 


provides a range of times from 20 sec. to 3 h. or more and 


can thus be used when longer time cycles are required. It 
is also fully tropicalized and its dial has a shatter-proof 
window. Setting is effected by means of a red pointer 
worked i knob which is geared down to 3:1 for 
setting a acy. A black pointer travels towards zero 
showing unelapsed time and leaving the red pointer 
marking the set time. On resetting, the black pointer 
return tantly without bounce to cover the red pointer. 

For sequential control of processes a series of Rodene 

ulti- uit cam timers has been developed, the smallest 
having a range of 1-15 sec. and up to four cams and the 
largest ing a time cycle of one week and up to 24 cams. 
Most of inits in this series are available with a shunt- 
wound motor as an alternative to the synchronous 
a.c. mot Chey are supplied with a sheet-metal cover 
but ar¢ available with dustproof, weatherproof or 
flameproof covers. Pilot lights, contactors and other sub- 
sidiary components can be fitted. 

Rod process timers are manufactured with standard 
motor ings for operation on any voltage up to 450 
and at frequencies from 40-60 c.'s. They are used, for 
example yntrol the loading and unloading and the 


sing of billets of steel or aluminium whilst in 
the furna ind also to control the inlet of special inert 
gases to prevent oxidization of the metal. 

Further information may be obtained from D. Robinson 
& Co. Ltd., Gunnersbury House, 717 London Road, 
Hounslow. Middlesex. 


actual proce 


High-precision temperature control 

A new, fully transistorized, printed-circuit amplifier-relay 
for use as a stable, sensitive, temperature controller, has 
been introduced by Honeywell Controls Ltd. 

With the appropriate thermistor temperature sensor, 
the R7079 7081 Versa-Tran can be used for control in 
the range of -60 to 500 F. with a differential of 
1-5 or 0-3 F. depending on the model. Control is very 
stable and errors due to ambient temperature conditions 
are easily compensated for by means of a calibration dial 

Wiring between sensing element and relay need not be 
shielded; the bridge presents no capacity balance prob- 
lems; ordinary 18-s.w.g. two-conductor insulated cable 
will suffice. 

The control, which incorporates the load relay, can be 
used up to 300 ft. from the thermistor and operates from 
the 240-V. 50-c./s. supply. 

Versa-Tran controllers are available for surface mount- 
ing, flush mounting, or mounting in most electrical 
enclosures. For full details, specification $1010-6 is 
available on request from Honeywell Controls Ltd., 
Ruislip Road East, Greenford, Middlesex. 
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REFRACTORY 
CONCRETE 


The ADAPTABLE Refractory Material — SAVES TIME AND MONEY 








A MUST for FURNACE & BOILER FOUNDATIONS 
HEAT-RESISTANT FLOORS 
FURNACE DOORS & DAMPERS 
FLUES & FLUE-PIPE LININGS 
KILN CAR & BOGIE TOPS 
COKE OVEN DOOR LININGS 
BURNER BLOCKS 


AND 101 OTHER REFRACTORY USES 


Refractory Concrete 
(stable under 

load up to 1350°C) 

is made with 

crushed firebrick 

and Ciment Fondu 
Ready for any purpose 
in 24 hours 





Trae 


ALUMINOUS CEMENT 











USE SECAR 250 


(An iron-free white calciurn-alumuinate cement 


or 
Super Duty and Special Conditions of 
Higher temperatures up to 1800°C 
Reducing atmospheres 
Resistance to slag attack 
Resistance to products of combustion 











Write for Booklets ‘ REFRACTORY CONCRETE’ and ‘ SECAR 250’ 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED 


73 BROOK STREET, LONDON, W.1 Telephone: MAYfair 8546 
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Classified Advertisements MACHINERY FOR SALE 


FIFTEEN WORDS 75. 6d ‘minimum charge) and 4d word MERCURY ARC RECTIFIER, 70 kW., Hackbridge Trailer- 
thereafter. Box number 2: ¢ uding postage of replies ituations . . 
Wanted 2d. per word mounted, weatherproof. A.C. 415 volts, 3 phase, 50 


Replies addressed to Box Numbers are to be sent, clearly cycles D.C. 230 volts Complete Unit, ready for 


marked, to Meta) Treatment and Drop Forging, John Adam service Whitefield Machinery & Plant Ltd., 48 Chatham 
House, John Adam Street, London, W.C.2. Street, Edgeley, Stockport 


SITUATIONS WANTED 
An exceptionally good secondhand Ross-Rigby 15-cwt 


DROP FORGING ASSISTANT WORKS MANAGER, experienced Electric-Pneumatic Hammer with ‘C’-type frame 
in drop, pre nd upset forging, coining and spark Hammer cylinder 17-in. diameter with self-contained 
machining, < hop trained. Seeks progressive position compressor With 5} tons anvil block. Details and 
in drop-for firm 30x DF 133, METAL TREATMENT price fron 
AND DROP NG 
SITUATIONS VACANT REED BROTHERS (ENGINEERING) LIMITED 
METALI required in the laboratory of a light Replant Works, Woolwich Industrial Estate, 
engineer pany to assist in the investigation and 
developmer f new materials and processes in con London, S.£.18 Tel.: Woolwich 7611 (6 lines) 
nection with the manufacture of diesel engine acces- 
sories Che post offers good opportunities to a person aeeeistimatan 3 
who has had a sound general training in metallurgy, EDUCATIONAL 
gained ther through experience in industry or by ? 
: Hi 
attending recognized course. Applicants should pre- LANCHESTER COLLEGE OF TECHNOLOGY 
ferably be in t age group 21-25, qualified at least to COVENTRY 
O.N.C. lev and prepared to study for higher qualifica- Pcie ane 
tions. Good pension scheme. Five-day week. Write 
full to Staff Employment Officer, C.A.V. Ltd., Warple M 1 Trends in the Theory and Practice of 
Way, Acton, W.3 Electroplating 
MACHINERY WANTED 4 e will be held on Thursday and Friday, 
I nd 3, 1961. Course fee {1 2s. Od. Further 
REQUIRED URGENTLY Secondhand Massey, preferred i application forms from the Head of the 
drop hammer—10 cwt. capacity, also trimming press ( Department, Lanchester College of Tech- 
Box RE 131, METAL TREATMENT AND DROP FORGING I Street, Coventry 





IACES... 


BATCH & CONTINUOUS ELECTRIC 
GAS — OIL STANDARD — SPECIAL 


The Barlow-Whitney range covers 
all types of furnaces for heat-treat- 
ment applications to 1,400 C., as 
this typical unit for heating bars 
and tubes prior te bending. 

Our Technical Department will giadly 


submit proposals on receipt of your 
requirements. 





WRITE FOR BROCHURE QUOTING REFERENCE H.860 


BARLOW-WHITNEY LTD. 


2 DORSET S@Q., LONDON, N.W.! 
Telephone: AMBassador 5485-6 


Works : London and Bletchley 
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PRO-TEK +) 








No Scale 
PRO-TEK Continuous Billet 


Heating Furnaces are built Longer Tool Life 


under licence arrangements 
with Metallurgical Oxygen 





Processes Limited and Low Fuel Cost 
Indugas, G.m.b.H., Essen. 
Specially suitable for No Metal Loss 








repetition work either 
mild steel or alloys. 
Standard sizes from 10 cwts. 
per hour upwards with 
guaranteed performance and 
scale free high quality PRO-TEK FORGING 
finish heating. 








NORMAL FURNACE FORGING 


GIBBONS BROTHERS LTO., DIBOALE, DUDLEY, WORCS 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 


STAINLESS STEEL 
HEAT RESISTING 


HIGH SPEED TOOL, Dit 

& SPECIAL ALLOY STEELS 

also STAINLESS STEEL ROAD 
LINES, STUDS & SIGN 


CYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON. BRASS. GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM er 





HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO" castings are available in 
a wide range of qualities 
From a few ozs up to 25 cwts each 


M.0.S. approved inspection facilities installed 
Routine X-ray contre 


HM John ION - Let WA 
7 


Regd. Office 
BROADFIELD RD., SHEFFIELD 6 
Telephones : 5243! 4 
Office and Works Entrance 


AIZLEWOOD AD., SHEFFIELD & 





Foundry : Aiziewood Rood. Sheffield 
Machine Shops: Broodfield Road, Sheffield 
London Office : Central House 
Jpper Woburn Place, W.C 
(EUSton 4086 
Giasgow Office : 93 Hope Street, C.2 
entra) 8342/5 


H. JOHNSON FOSTER LTD. STEELMAKERS 
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THOMAS ANDREWS 





| AND 
| High-Grade Steel Makers 
| 


( HIGH SPEED STEELS 
HOT & COLD DIE STEELS 


“ “r 
MONARCH { TOOL HOLDER BITS 
“HARDENITE *: CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 
“HELVE" 


( CARBON TOOLSTEEL fo: 
) CHISELS, PUNCHES, &« 


ROYDS WORKS AND 
HAROENITE STEEL WORKS 
ATTERCLIFFE ROAD SHEFFIELO 4 


Export Department 
THE HARODENITE STEEL COMPANY LIMITED 





Telephone 
Sheffield 22/3) 


Telegrams 
Shatcing, Sheffield, 


7 


| 





| 
| 





























ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19 
a 


Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 

. 


SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 


* 
Enquiries will be dealt with personally by our 
Technical Staff - Ring CHERRYWOOD'2291/2 


ALD. DJARM. 1E.M.E. & A.R.B. Approved 
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Forced-air circulation at 
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an important advance in 
furnace design by , 


« 


ghly successful furnace was designed and 
sted by us to meet the following 
s-ROYCE specification: 
ible temperature range up to 1,100 C 
10 C. throughout the range 
temperature distribution all through 
ting chamber size 4’ 6” x 4° 6" x 5’ O 
ercame the problems involved by using 
r circulation with the fan assemblies made 
‘imonic 75” heat resisting alloys mounted 
cooled tubular shafts. The air guide, which 
so made of *‘ Nimonic 75.’ was supported 
he roof to reduce distortion at maximum 
crature. The heating elements were housed 
ractory grooves to facilitate easy replacement 
vith the furnace still relatively hot 
s before shipping were entirely successful, the 
iture variation being 
it 750°C. and negligible 
°C The furnace is 
d for the heat treatment 7 
Rolls-Royce *Con- 
vay, ‘Avon,’ and 
Dart’ jet engine 


assempDil 


2 erance of 


‘ 





















LIMITED 
Fer your 
next INDUSTRIAL 
electric furnace ELECTRIC 
consult HEATING 
SPECIALISTS 


Commerce Estate, S. Woodford, London, E.18 
Telephone: BUCkhurst 660/ 3 
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ELECTRO HEAT 
TREATMENTS LTD. 


BULL LANE WEST BROMWICH 
Telephone WES 0584—0756 


BRIGHT ANNEALING 
Copper and steel pressings, bolts, strip, 
etc. 


BRIGHT HARDENING 
Bolts, springs, etc. Also large compo- 
nents up to 3 ft. 


CASE HARDENING 


Carbonitriding and Gas Carburizing up to 
4ft.6in. High frequency up to 10 kVA. 


LIGHT ALLOYS 


Solution and precipitation up to 10 ft. 


We specialize in the use of controlled 


atmospheres for all heat treatment. 
100 ton weekly capacity - Laboratory 


supervision - Local deliveries 








Cut your finishing costs on 
DIE SINKING & FETTLING 

By using the British made 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


AJAX JUNIOR, !00,000 r.p.m. for Stones 
gs” to 3” dia. 

AJAX MK. Il, 50,000 r.p.m. for Stones 
}” to }” dia. 

BRIGGS MK. II, 28,000 r.p.m. for Stones 
4” to |” dia. (deep reach) 

BRIGGS MK. V, 10,000 r.p.m. for Stones 
12” to 2” dia. 

Literature on request from Manufacturers 

BRIGGS BROS. (ENGINEERS) LTD. 

206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 
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ALLOY STEELS - too! 


OR many years it has been 
known that -40/50°%, Carbon Steel 
Gears will give an appreciably longer 
life when Flame Hardened—in fact 





four to five times the normal. 


EWER people are aware that 

Alloy Steels—Nickel Chromium 
—En 23, En 24, En 110, etc., can be 
similarly treated—and pass the most 
stringent tests. 


Write us or ‘phone for full information 


FLAME HARDENERS LTD 


Shorter Works, Bailey Lane 
SHEFFIELD, | Telephone 21627 











PMO 

























FOR CONTINUOUS NORMALISING 
Per > 4; 
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FRANKLIN FURNACES 


There’s big savings in terms of dependability 

and easy maintenance when Franklin are called 

in on that furnace installation. Long experience 

in the supply of standard, and the design of 

special furnaces mean the snags are quickly 

ironed out. Furnaces fired by ‘Dine’ Burners 

give easy maintenance and fuel economy, that’s 

why more and more well-known Companies are 

now counted as customers. 
Our team of experts would welcome the chance 
to look into your furnace problems. | 





A section of a Special Gas fired 
Mould Heating furnace at Deritend 
Precision Casting Ltd. 


MANUFACTURERS OF INDUSTRIAL 
FURNACES AND OIL BURNING j 
EQUIPMENT FOR ALL PURPOSES } 





‘ FRANKLIN FURNACE CO. LTD., BAKER STRE! SPARKHILL, BIRMINGHAM 11, ENGLAND 
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Abbey Heat Treatments Ltd 38 Ether Led 20 Massey, B. & S., Ltd 2 
ACEC Eumuco (England) Led 10 Mellowes & Co. Ltd 
Acheson Colloids Ltd Metalectric Furnaces Ltd. 1s 
A.E.1. Birlec Ltd 30 Fel Electric Ltd Modern Furnaces & Stoves Ltd 
Alidays & Onions Ltd Firth, Thos., & John Brov 14 Mond Nickel Co. Ltd 22 
Andrews, Thos., & Co. Ltd 38 Firth-Derihon Stampings L Morgan Refractories Ltd 32 
Annealers Ltd 39 Flame Hardeners Ltd 39 Morris, B. O., Led 25 : 
Foliac Graphite Products ' 
Barlow-Whitney Ltd 36 Franklin Furnace Co. Ltd 40 Newall, A. P., & Co. Led : 
Birlec-Efco (Melting) Ltd Fuel Furnaces Ltd Nitralloy Ltd 
Brayshaw Furnaces Ltd 
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British Furnaces Ltd a General Electric Co. Led 5 Priest Furnaces Ltd 
British Iron and Stee! Federation General Refractories Ltd 
British Resistor Co. Led., The Gibbons Brothers Ltd Shell-Mex & B.P. Gases Led 9 
Broadbent, Thos., & Sons Led Gibbons (Dudley) Led 37 Siemens-Schuckert (G.B.) Led 
Burbidge, H., & Son Led Granby, Paul, & Co. Ltd Sifam Electrical Instrument Co. Ltd 
Burdon Furnaces Led Graphoidal Developments Ltd 28 Smethwick Drop Forgings Ltd 
G.W.B. Furnaces Led 7 Somers, Walter, Led 42 ‘ 
Calorizing Corporation of Great Stein, John G, & Co. Ltd ; 
Britain Led. (The) Hedin Ltd 38 Stordy Engineering Ltd 6 ' 
Cambridge Instrument Co. Ltd Herbert, A.. Led 7 ; 
Coventry Machine Tool Works Ltd Honeywell Controls Ltd Thermic Equipment & Engineering f 
Cronite Foundry Co. Led. (The 4) Hydraulic Engineering Co. Ltd Co. Led 24 
Thompson, John, (Dudley) Ltd 
Dohm Ltd LC. Led Thompson, Joseph, (Sheffield) Lid 
Doncaster, Daniel, & Sons Ltd incandescent Heat Co. Ltd. (The) 26 Thompson L"Hospied & Co. Ltd 8 
Dowding & Doll Led 21 Integra, Leeds & Northrup Ltd 23 \ 
Duwson & Mason Led United Steel Companies Ltd 
Johnson Foster, H., Ltd 37 
Efco-Edwards Vacuum Metaliurgy Vacuum. Industrial Applications Ltd 
Led Kelvin & Hughes (industrial) Led Vaughan, Edgar, & Co. Ltd 
Electric Furnace Co. Ltd Kiveton Park Steel & Wire Works 
Electric Resistance Furnace Co. Ltd Ltd Wests instruments Ltd 4 
Electrical Development Assn 33 Wickman Ltd 12 
Electro Heat Treatments Ltd 39 Lafarge Aluminous Cement Co. Ltd. 35 Wiggin, Henry, & Co. Ltd 
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English Stee! Corporation Ltd 16 Wilkins & Mitchell Led 29 
E.N.V. Engineering Co. Led Manchester Furnaces Ltd Workington Iron & Steel Co 
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HIGH TEMPERATURE — 
SERVICE __ 


THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


THE CRONITE FOUNDRY CO. whe 


LAWRENCE ROAD, TOTTENHAM, LONDON, N15 sranrone 























Chromium/Vanadium 
Tungsten/Molybdenum 
Hot Working & Forging 
Die Steel : 


« 


s 


ay tr 





DECEMBER, 
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Chromium/Molybdenum/ 
Vanadium ’ 
Aluminium Extrusion & * 
Pressure Die Casting Stee! 




















General Purpose 
Die & Mould Stee! 


Nickel/Chromium 
Molybdenum 
Backing Die & Hot * 
Working Steel 


Walter Somers Limited 


HAYWOOD FORGE 


* HALES OWEN - 


NR. BIRMINGHAM Telephon 


Hales Owen 1185 
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